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A Remarkable New Dae ee 
Static Switch 


LIBRASCOPE 
eee Mae SHAFT-TO-DIGITAL ENCODERS 
ACCURACY: CONSTANT od : : 
meet and surpass rigid requirements of air- 
borne analog-to-digital translation despite 
environmental extremes. Shock, vibration, and 
severe temperatures do not affect their con- 
tinuous, noise-free operation. 


THEY'RE DIRECT Librascope encoders provide 
a simple, one-step means of digitizing analog 
data. 

THEY'RE RUGGED Operation is unaffected by 
30g shock, 0 to 2000 cps vibration, through- 
out a range of —55° to +100°C. 

THEY'RE RELIABLE Multi-million turns at high 

ds with constant contact resistance. 





EV'RE versatTiLe 14 basic models in a wide 
£ capacities with special function codes 
into simplify computer requirements. 
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MODEL 740 MODEL 713 MODEL 758 MODEL 724 MODEL 708 


TOTAL RESOLUTION DIMENSIONS 
OUTPUT CODE MODEL NO. @ CAPACITY PER TURN DIA. x LENGTH 
PARALLEL _ 740 10 bits (1024) 1024 4%," x 2%" 
BINARY 743 13 bits (8192) 128 2” x3"%,” 
(LINEAR) @AIl models available with internally mounted 
707 7 bits (128) 128 2” x 24%,” isolation diodes for sequential multiplexing ap- 
pera 713 13 bits (8192) 128 2” x 3"%,” plications. 
717 17 bits (131,072) 128 2” x 4K,” ' 
(LINEAR) " Bigs tAvailable in hermetically sealed servo-driven 
719 19 bits (524,288) 128 ona O%s package as Models 757-S and 758-S. 
SERIA 757t 7 bits per quadrant* 512 2%" x4,” 
ERIAL (4 quadrants) *Including limit 1 and polarity information. Sine 
omaee 758t 8 bits per quadrant* 4%" x 3%,” and cosine functions generated simultaneously 
(4 quadrants) and independently. One turn of shaft generates 
eemany 723 2,000 3K 4” x 42%,” 4 quadrants of information. 
poe 724 20,000 36” x 42%,” ; F 
Sectent 733 3,600 3)" x 42%,” For full details on Librascope 
8-4-2-1 734 36,000 3K,” x 6%” — ° 
(8-4-2-1) 735 360,000 3K," x 6%" shaft-to-digital encoders write 


GRAY 708 8 bits (256) 3%” x 1"%,” for catalog E 11-1. 
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For information on career opportunities at A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
Librascope, write Glen Seltzer, Employment Manager. LIBRASCOPE, INC. 40 East Verdugo Avenue * Burbank, Calif. 
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MODERNIZATION THROUGH INSTRUMENTATION. 


Key to growth and profit for Marquette Cement 


With capacity at new peaks, Marquette Cement is 
turning to modernization programs to help maintain 
the profit margin in these days of rising costs and 
increasing competition. 

And at Marquette, engineer, controller and pro- 
duction man alike recognize the advantages of modern 
instrumentation and automation to help achieve their 
goals. 

For instance, at their Nashville, Tennessee plant, 
low-cost high-quality clinker is being produced with 
the help of new instrumentation by Leeds & Northrup, 
the most experienced supplier of instruments and 
controls to the industry. 


Using economical Speedomax® Type H_ recorder- 
controllers as basic measuring and control instruments, 
this new system, constructed by Allis-Chalmers, pro- 
vides for automatic control of the 5 most important 
kiln conditions and continuous recording of 4 addi- 
tional critical variables. 

Like Marquette, other major producers are taking 
long hard looks at the future . . . examining processes 
for savings through instrumentation. 

And they’re finding that instrumentation can help 
widen the profit margin . . . not only in the kiln depart- 
ment but throughout the plant ... in raw material 
handling, blending and grinding. 


Your Leeds & Northrup engineer can show you now how 
proven LE&N systems have helped others toward growth and profit. 
Call him at your nearby LEN office, or write to 4918 Stenton 


Avenue, Phila. 44, Pa., for diagrams and data sheets. 


Instruments 


wtomatic Controls « Furnaces 


iN 
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an Epsco transistorized 


TRANSICON 
DATRAC coerce 


can solve your data 
conversion problem... 
economically! 





designed FOR YOUR SYSTEM by system specialists who have pioneered 
the field of high-speed, reversible analog-to-digital conversion . . . 


@ PRODUCTION ENGINEERED to be the lowest-cost transistorized Data Loe Systems 
i Telemet ta Reduction 
r " 
nt rare coe SaaS Digital Tra®mission over Telephone Lines 
@ MODULARIZED-—plug-in building-blocks permit assembly of over 50 Analog Digital Computer Linkages 
standard models. Wind Tunnel Instrumentation 


® EASY TO USE — no adjustments TRANSICON DIGITAL-TO-ANALOG CONVERTERS 
® HIGH SPEED — up to 25,000 conversions/sec analog-to-digital; up FOR... 
to 100,000 conversions/sec digital-to-analog Driving Analog Plotters from Digital Sources 


Analog Displays on Meters and Oscillo- 
® HIGH POWER DIGITAL OUTPUTS graphs from Digital Codes 


Analog Computer Inputs 
® DIGITIZES BOTH CURRENTS AND VOLTAGES fates Steins titans 


® PARALLEL AND SERIAL CODED OUTPUTS Fire Control Simulators 


® BUILT-IN EXPANDABILITY —8-bit converters to 10, 12 or 14 bits; TRANSICON ALARM LIMIT MONITORS FOR... 
changing codes from binary to binary-coded decimal; making an analog- 


‘ , Automatic Checkout Systems 
to-digital converter from a digital-to-analog unit High-speed Fault Analyzers 


. +. and an Epsco Exclusive: PROVEN RELIABILITY One million a ey ll 
hours of operation in hundreds of installations around the world have 
proven DATRAC reliability. Now an all solid state TRANSICON DATRAC 


assures even greater performance. = 
New 6-page, 2-color brochure available with complete description “ . 
of TRANSICON DATRACS. Write, wire or phone your local Epsco < 
representative or contact, in the East: Epsco, Inc., Equipment 


Division, 588 Commonwealth Avenue, Boston 15, Massachusetts; in 


the West: Epsco-West, 125 E. Orangethorpe Ave., Anaheim, California. F irst in data cgntrol 
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Control ae 
ENGINEERING 


Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 





Structural Diagrams—Short-Cut to Analog Computer Circuits 
O. FOLLINGER and W. SEIFERT of Institut fur Automation, Germany, show a way 


of deriving analog computer circuits without writing the system differential equations. 


Revamped Motors, Controls Up Tinning Line Output 

D. H. JENTER of Reliance Electric & Engineering Co. tells how U. S. Steel modern- 
ized a “Ferrostan” line at Irvin Works by increasing its speed and improving control. 
Control System Test Equipment—III: Response Evaluation 

A. M. FUCHS of Boonshaft & Fuchs completes his series on control system test equip- 
ment with this study of response evaluation instruments and various home-grown testers. 


Alarm Annunciators: Industry’s Watchdogs 
A. D. TAPLINGER of Bechtel Associates gives the background necessary for the selec- 
tion of annunciator construction, sequences, and type from a variety of available units 


Use Shaded-Pole Motors for Those Noncritical Servo Systems 
C. V. BULLEN of Barber-Colman Co. advocates the selective use of reversible shaded- 
pole motors as low-cost substitutes for some of the more conventional servo components. 


Where to Look for Trouble in a New EDP Installation 
B. CONWAY and D. E. WATTS of Price Waterhouse & Co. suggest some ways around 
pitfalls that may be encountered when converting to automatic electronic data processing. 


Data File 28—Guide to Electrically-Signaled Valve Actuators 
Ready reference table listing performance characteristics and prices for 18 electrically- 
signaled valve actuators that are now commercially available to control system designers. 


Mechanical Feedback Improves Servovalves 
]. W. BLANTON and S. A. GRAY of Hydraulic Research and Manufacturing Co. 
explain that integral feedback improves performance and simplifies system construction. 


Interconverting Frequency and Transient Response 
H. H. ROSENBROCK of Constructors John Brown, Ltd., England, reveals by example 
how two special cursors make conversion between frequency and transient response easy. 


The Electrochemical Relay: A Remarkable New Switching Form 
]. D. COONEY of Control Engineering describes an electrochemical static switch, the 
newest component for making and breaking electrical circuits without use of contacts. 





Cross-Pointer Meter Indicates Concentricity 
O. DAHLE and O. UGLUM of Sweden check air-gap uniformity with simple meter. 


Meter Relays Protect Punch Presses 


F. C. MARX of Heekin Can Co. uses contact ammeters to monitor overload trip point. 


Reliable Level Measurement for Liquid Metals 
G. H. BURGER of ORNL presents a simple and reliable high-temperature level probe. 


Continued on next page é 





WHAT’S NEW IN THE CONTROL FIELD 
NASA Plans Global Range to Track Man in Space 


Multi-million dollar contract soon to be awarded for heavily instrumented global range. 
The Army’s Newest Weapon: ADP 

Computers may be regular issue for army as result of project underway at Fort Huachuca. 
CtE Visits the World Petroleum Congress 

Picture story of what's ahead in control as international oilmen gathered in New York. 
NEMA Systems Section Gets Underway 

Several task forces start meeting to develop standards for industrial automatic systems. 
Control Meeting Roundup 

Report of highlights of control meetings in Chicago, Denver, Dallas, and Lafayette, Ind. 


Computers in Process Control 
Theory outstrips application as English users talk about computers for processing field. 





Control Personality—YASUNDO TAKAHASHI 


A student of frequency response techniques helped start the upsurge in Japanese control. 


Industry’s Pulse—Impact of European Common Market on Control 


Manufacturers outside of newly formed European economic community face a freeze out. 


Editorial—New Era Needs NEMA Standards 
Guest H. W. Cory gives background of NEMA Industrial Automatic Systems Section. 


New Product Developments 


Reflux computer control provides improvement in control of fractionating columns. 


Abstracts of Technical Papers 


Simple oscillator with combined amplitude limiter and selective circuits good to 1 cpm. 


6 Shop Talk 


179 Bulletins & Catalogs 
10 Feedback 


191 Meetings Ahead 
189 New Books 


193 Reprints 
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Specified by Panellit— = 


An Adaptable Printer with 
Day In-Day Out Reliability 


Understandably, Panellit’s requirements for a digi- 
tal printer were strict. The Skokie, Illinois firm’s 
recording annunciator, which monitors trouble in 
equipment operations, has to have around-the- 
clock reliability. It has to indicate what went 
wrong, exactly when it went wrong, and for how 
long. In many instances, the printer must operate 
at remote stations, unattended. Panellit chose 
CMC’s new digital printer to provide this high 
degree of dependability. 


READILY ADAPTED 


The tape above shows the adaptability of CMC’s 
printer to special applications. The Panellit system 
scans a number of points and then records, in a 
single twelve digit printout, the off-normal point, 
the off-normal code, the hour, minute and hun- 
dredth of a minute. The date is printed every 
twelve hours and on demand. 

The system detects the first off-normal to a one 
cycle accuracy and records sequentially at the rate 


of four alarms per second. Alarms occurring faster 
are stored in the memory unit and printed accord- 
ing to a built-in sequence. The entire record is neat, 
compact and permanent. 


PRINTER FEATURES 


No stepping switches * 4 lines per second printout 
* parallel entry * 8 options...10 line output to 
drive punches and electric typewriters, analog out- 
put to drive strip chart recorder, inline readout, 
accumulator, code converter, transistorized drive, 
add-subtract solenoid, print-line identification * 
rugged unitized construction ® compatible with 
any line of counting equipment. 


KEY SPECIFICATIONS + Model 400C Digita! Printer 
Print-out capacity 6 digits standard, up to 12 on special 
order. Accuracy determined by basic counting instrument... 
display time 0.2 seconds minimum, maximum controlled by 
counter or system. Weight 64 Ibs. 


CMC engineering representatives are located in 
principal cities. For complete information on this 
all-new instrument, phone your nearby represen- 
tative or write directly to Dept. 087. 


Computer-Measurements 


Company A Division of Pacific Industries, Inc. 


5528 Vineland Avenue, North Hollywood, Calif. 
Phone STanley 7-0401 * TWX: N HOL 8290 


BE 
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electric 
motion 
control 
FACTS 
for 


IDEA 
MEN 


Electromagnetic power 
drive controlled from 
servo outputs 


PROBLEM: Vary the 

feed of a magnetic 

tape drive from 10 

to 180 in. per second, 

depending on veloc- 

ity or amount of in- 

formation to be read from the tape. 

SOLUTION: Four Warner electric clutches 

were used to control the reel and one electric 

brake to control the capstan, establishing 

dual operation from feedback voltages. A 

tachometer on the capstan drive generates a 

voltage proportional to the tape speed. In- | 

formation on the tape itself generates an- | 

other voltage, which, if greater than the} 

tachometer voltage, is electronically com- | 

pared to a reference voltage reflecting the | 

requirements and limitations of the con- | 

necting equipment. 
The tape reader must be capable of han- | 

dling one parallel group of pulses (a single | 

digit) at a time. Therefore, lings are packed | 

20 to an inch, which means a complete stop- | 





REWIND DRIVE 
WIND DRIVE 
WIND CLUTCH 


ELECTRIC BRAKE 


start cycle within 1/20 of an inch. Actually, 
torque build-up periods of the brakes and | 
clutches overlap each other, permitting in- 
stantaneous response to the error signal. 
Thus, tape may be advanced a line, a block, 
or a single digit at a time, leaving enough 
space for acceleration to required speed and 
proper reading of the next information bit. 
Assembly advantages 
Leads to the clutch and brake coils are inte- 
gtal with the field assembly—there are no 
slip rings or brushes. Build-up of current 
in the field, engagement of the armature 
and rotor (or replaceable face), and full 
operation are accomplished in milliseconds. 


Send for more IDEAS 
Write for factual application 
sheets showing how ma- 
chines are made more produc- 
tive, easier to control, simpler 
to maintain. 


AND CLUTCHES 


WARNER } ELECTRIC BRAKES 


> ae 


Warner Electric Brake & Clutch Co. | 
Beloit, Wisconsin 
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Why not? 


In February a Canadian subscriber commended our per- 
forating of feature pages and urged us to place advertisements 
between articles so that the removal of one article would 
not destroy a page of each adjoining article. His suggestion 
is but one in a long stream of similar requests since the first 
issue of Conrrot ENGINEERING was mailed in August 1954. 

Should we be conservative and refuse? We haggled and 
we fussed, and finally decided to turn the question over to 
you for arbitration. So that you can decide, this and the 
August issue will carry inter-article advertisements. It’s an 
experiment. Tell us how you like it. 


Further up the ivory tower 


Dr. Gordon S. Brown, for the past seven years Head of the 
Department of Electrical Engineering at the Massachusetts 
Institute of Technology, has been appointed Dean of the 
School of Engineering at MIT, effective July 1, 1959. As 
ControL ENGINEERING’s senior consulting editor. Gordon 
has imbued CtE’s editors with many of the new philosophies 
in engineering and education that he developed as head of EE. 
Now the whole MIT School of Engineering can profit from 
his foresightedness. Congratulations to Dr. Brown. 


Correspondent at work 


Thought you might be inter- 
ested in what our Japanese corre- 
spondent, Kazuto Togino, looks 
like. Photo shows Kazuto (left) on 
a CtE field trip, with M. Y. Hata 
(engineer at Tokyo Denki-Kagaku 
Co.) explaining features of a dual- 
frequency core memory device 
used as high-speed storage in a 
parametron digital computer. 





Control engineer exhibits broad scope 


You might say that H, W. Cory grew up with the control 
field, from designing temperature control systems for Barber- 
Colman 18 years ago to Assistant Manager of the Allis-Chalm- 
ers’ Control Department today. During this period Hal has 
done everything from developing new propulsion control 
methods for submarines, to applying many of the new mathe- 
matical techniques for analyzing feedback control systems, 
to creating new electronic control systems for high-speed 
paper machines. All of which eminently qualifies him for his 
latest extracurricular position; chairman of the Scope Com- 
mittee of the new NEMA Industrial Automatic System Sec- 
tion. For the details see “Guest Editorial”, page 79 and 
“What's New”, page 30. 





TELEMETER 


MAGNETICS 


MEMORY CORI 


EPHANT 


j , 
has a faster. more reliable memory, too: 


SILLY TEST 


(we hope tt attracts ye 
ittention to the th rough 
e-stage inspection and testing 
every TELEMETER MAGNETICS 
memory product from core to 


irray to buffers and memory systems 


memory stack for 
a 20-microsecond system 
2048 words of 22 bits each 


IMPORTANT JOB OPPORTUNITIES 


STRENGTH Tt 


economical - reliable - fast - Telemeter Magnetics Modular Memory 
Systems are designed and manufactured for absolute dependability 


Because TELEMETER MAGNETICS manufactures the memory system complete from core pro- 
duction through array wiring to finished units... and because TELEMETER MAGNETICS tests 
each phase of production thoroughly... you can be that much surer when you specify memory 
systems designed and engineered by TMI. 

Modular design permits production of custom memory systems to satisfy practically any 
desired configuration. Units of from 100 to 1,000,000 bits are common... memories can be 
supplied incorporating several million bits. In addition, TMI offers you @ selection of memory 
units with cycle times of 24 microseconds, 6 to 8 microseconds, and 3 microseconds. 
Electronic circuits in TELEMETER MAGNETICS memory systems employ solid state elements 
throughout ... transistors, diodes and ferrite cores. Amplifiers, registers, drivers, and logic 
are on plug-in cards for compactness and maintenance ease. 


write for specifications and complete information. 
Manufacturers of ferrite cores + core arrays + buffers » memories 





0/ TELEMETER MAGNBETICS In 


ap fii 








= 


Level transmitters and electropneumatic transducers 





Processing or Missile Ground Support Systems... 


DEPENDABLE CONTROL 


is Assured with Masoneilan Equipment 


Recording, indicating 
and nonindicating controllers 


Globe valve with extension bonnet 
for low temperature service 


The built-in accuracy and stamina for which Masoneilan controls 
have long been noted in the process industries, make them 
equally suitable for the critical operational requirements of 
missile ground support systems. 

Mason-Neilan offers a wide selection of equipment, including... 
e Instruments for control or transmission. 


e Control valves especially adapted to low temperature serv- 


ice on liquefied gases, featuring tight shutoff and fast, powerful 
actuators. 


e Control consoles with completely piped and wired systems. 


For product information and engineering consultation, contact the 
nearest Mason-Neilan office or representative — or write direct. 


MASON-NEILAN 


Division of Worthington Corporation 


53 NAHATAN STREET, NORWOOD, U.S.A. 


District offices or Distributors in principal cities in U.S. 
in Canada: Mason-Neilan, Division of Worthington (Canada), Ltd. 


Console panels with complete instrumentation 


10000 Series contro! valve 
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eters, built per MI 
ions, offer proven 
with mounting and ¢ 
ions to meet your 4 
nts, Edcliff Model 3 

iS are designed for la 
P under rugged envi 


Omplete line of Ede 
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1711 SOUTH MOUNTAIN AVENUE 
MONROVIA, CALIFORNIA 
RYAN 1-5671 —-ELLIOTT 8-457] 
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READERS’ CONTROL 


A level standard for rocket fuel 


To tHe Eprror— 

We are striving toward obtaining a 
continuous indicating primary level 
standard for cryogenic fluids. It 
would be used for calibration and 
accuracy checks of all of our airborne 
liquid-level systems. An accuracy of 
plus-or-minus v in. in a 30-in. di- 
ameter by 260-in.-long container is de- 
sired. The container is located out- 
doors, subject to rain, snow, and 
ambient temperatures of minus 5 to 
plus 95 deg F. The fluid inside the 
container boils; its surface activity 
varies from 5 in. to 9 in. We have 
found that the surface inside a still- 
well was quiescent. 

Can you please supply us with in- 
formation on liquid-level sensors for 
this application? 

Anthony Ackerman 
Denver, Colo 


A detailed answer on accuracy 


To tHe Eprror— 
There are several 
means of measurin 
liquefied gases and each would have 
a corresponding nominal degree of ac- 
curacy if installed in the ambient con- 
dition mentioned. These are: 
1. Force-balance level-type instru- 
ment with a nominal expected 


conventional 
the levels of these 


WORKSHOP 


accuracy of plus or minus | in. 
of level. 

. Electronic capacitance probe 
level device with an accuracy of 
$ to 4 in. of level. 

. Mechanical float-operated level 
gage operating in a stillwell, with 
an accuracy of 4 in. 

. Static manometer device purged 
by helium or some inert gas to 
separate the fluid from the meas- 
uring media, with an accuracy of 
$ in. 

A 2:1 or 3:1 imecrease in accuracy 
of any of the devices mentioned could 
be expected if level determination 
were desired at only fixed intervals. 
This would minimize the inherent 
hysteresis effects and permit finer ad- 
justments and settings of the measur- 
ing devices. However, it would not 
permit a continuous measurement of 
level but only provide indication at 
prescribed points, such as empty, 
quarter-full, half-full, three-quarter 
full, and full. 

Ralph L. Shapcott 
Fischer & Porter Co. 
Hatboro, Pa. 


In addition, the container must be 
calibrated and its designer must 
avoid odd shapes, such as expansion 
sections or dished heads, that might 
effect variations in density. Ed. 





Information, please—flame-cutting 


To tHe Eprror— 

Our attention was recently drawn 
to an article in your publication on a 
new type of flame-cutter jointly de- 
veloped by British Oxygen Gases and 
Ferranti, Lt. 

We desire to keep abreast of the 
latest developments in new burning 
equipment for our plant. It would 
be appreciated, therefore, if you could 
furnish us with more complete details 
of the new flame-cutter, or alterna- 
tively, advise us of the proper source 
to contact to obtain this information. 

]. Surgenor 
Burrard Dry Dock Co, Ltd. 
North Vancouver, B. C., Canada 

Obtain further details on the BOG 
automatic flame-cutter from G. Sims- 
Davies of BOG, Spencer House, St. 
James Place, London. 

Introduced since the article in Con- 
trol Engineering is the new EMI- 
Hancock machine, of comparable size 
and performance to the BOG. Sales 


point of the EMI system is simplified 
programming. Arthur Pearson of the 
Industrial Applications Div., EMI 
Electronics, Ltd., Hayes, Middlesex, 
will give you all the details. Ed. 


Information pl 





To tHE Epiror— 


An article entitled “Electronic 
Standards for Industrial Equipment” 
by the General Motors Electronics 
Committee appeared in the Novem- 
ber ‘59 issue, pages 101 and 102. 
Technical personnel of this activity 
were very impressed with this article 
and would like to have the full publi- 
cation of the standards as a reference 
item. This library would appreciate 
information as to publisher, publica- 
tion date, price, etc., of the standards. 

M. B. Zenich 
White Sands Missile Range 
New Mexico 


Contact R. B. Colten, General 
Motors Technical Center. Ed. 





R PROGRESS FROM GENERAL ELECTRIC 


CUSTOM DESIGNING MODULAR COMPUTER 
COMPONENTS TO SGLVE A TINPLATE 


INSPECTION AND BILLING PROBLEM 





The trend toward purchase of tinplate direct in large coils rather than sheets placed 
an unusually difficult inspection and billing problem upon manufacturers. 
The G-E 302 Automatic Inspection Data Accumulator — custom-designed by the 
Computer Department — solves this problem by electronically accumulating and tallying 
data from inspection sensors in a new solid-state system. The system is fully automatic 
++. provides a complete type-written record for quality contro! and billing purposes 
immediately upon completion of each coil. 


Request brochure CPB-14B. Contact your nearest General Electric Apparatus Sales 
Division Office, or write to: Computer Department ,Room 440 
Generai Electric Company * Deer Valley Park * Phoenix, Arizona 


Progress /s Our Most Important Prodvet 
GENERAL & ELECTRIC 


POR FIGURES IN A HURRY-FIGURE ON A GE COMPUTER vf; 








+12 volts 
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1EG&G TW 
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Z out * 5O ohms 


MERCURY WETTED- 
CONTACT RELAY 
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TEMPERATURE = 25°C —I2 volts 


TYPICAL NON-SATURATED LOGIC SWITCHING CIRCUIT T 0 “1 8 PA C K A G E D 
aes wm DIFFUSED-BASE ‘MESA’ 
TRANSISTORS 

















a 
~L5 volts 








Saepeeaivenan 
a F Now available for your evaluation, 
ote ; actual swt} the subminiature 2N702 is built 
specifically for your 5-20 ma transistor logic 
‘ge ~ switching applications. 
TYPICAL SWITCHING TIME 




















- ta § myvec tear 7 mysec This newest addition to TI’s line of diffused- 
base ‘mesa’ transistors features. . 
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TOTAL SWITCHING TIME NON-SATURATED CIRCUIT 





@ Guaranteed de beta of 15 to 45 
@ 50 mc minimum unity beta frequency (f,) 
@ Maximum 12 yyf output capacitance 














@ Subminiature T0-18 package 














Tempereture : 25°C As do all other TI semiconductors, the 2N702 


Collector Current : 10 me 


3 = 200 mysse carries a full-year guarantee to published 


my 
A,* 3 to 6 volts min 


nie ogling 3 Zou: SO ohms en specifications. Check the specs at right and 
— 3 volts _L Ag’ 6 to 8 volts 


AE 200 pvt 200 wt 7 eur contact your nearest authorized TI distrib- 


TYPICAL CIRCUITRY FOR OBTAINING 5-MC REP RATE : : 
ee GATURATED FLIDSLOP utor or your TI sales office for detailed 
information. 


V/V OUTPUT 2 +130 
100 che fe V0 - 48 
wre g = SSK 135 
$—AWA—0 +489 +130 
2Nn702 
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Paw d -45y Temperature : 25°C 


Input Pulse Spacing: 40 mysec 
‘© O= 


In758 7 


















































160 ohms 4 ‘ 
—_ | 
| 


TYPICAL CIRCUITRY FOR OBTAINING 25-MC REP RATE 
IN NON-SATURATED FLIP-FLOP 


FROM THE WORLD'S LARGEST SEMICONDUCTOR PLANT 





25musec 


SWITCHERS FROM TI 


Actual photo of collector wave form as 
shown on traveling-wave oscilloscope 


absolute maximum ratings (25°C) 


Collector Voltage Referred to Base 

Collector Voltage Referred to Emitter 

Emitter Voltage Referred to Base 

Collector Current 

Dissipation (100°C Free Air, Derate 0 .5°C/mw) 


design characteristics at 25°C (except as indicated) 


Symbol Characteristic Test Conditions 
lepo Collector Cutoff Current Veg= l0v, Ip = 0 
lego @ 150°C Veg= 10v,Ig=0 
BVcgo Breakdown Voltage lcpo = 10 wa, lp = 0 
BVceo Breakdown Voltage lceo = 10 pa, lg =0 
ieee DC Beta Vee= 5v,lo= 10 ma 
BVego Breakdown Voltage le = 10 ya, Ic =0 
Vee Input Voltage Vee= 5v, l¢= 10 ma 
Cob Output Capacitance Vep=5v,ig=0 
f= 1 mc 
ft Frequency at which Vee= 5, le = 10ma 
he is unity 
Veg+ (Sat) Saturation Voltage lc = 10 ma, ig = 2ma 0.6 
* Tested using pulse measurement. NOTE: These units meet JEDEC outline TO-18 dimensions. A drawing of this package is attached. 


INSTRUMENTS 


INCORPORATED Write on your company letterhead 
SEMICONDUCTOR - COMPONENTS DIVISION describing your application fo 
13500 N. CENTRAL EXPRESSWAY ni A - 

POST OFFICE BOX 312 + DALLAS, TEXAS specific details on T! products. 
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chart it... 
see if... 


and review 


it instantly! 


Charts are an instantaneous 
permanent record. 


You can act fast... when you record data—on charts 


and here is how Technical helps: 


STANDARD CHARTS... SPECIAL CHARTS... 


all from one source! for special uses! 
15,000 charts ... one to Pressure sensitive... 

fit every meter heat sensitive... 

in your plant! light sensitive... 

Exact charts, chart papers 


one purchase order, for every need! 
DATA PROCESSING fast delivery, Circular charts... 
CENTER 


- field service. strip charts... 
e save chart users time, money ‘ é -: 
<i uatieline sie catia, Write for: every size and shape. 


ond draw a purchase plan. "Standard Chart’ facts. Write for: 
"Special Chart" facts. 


c€CHNICAL sates CORPORATION 


16599 Meyers Road Detroit 35, Michigan 


Representatives for Technical Charts Inc. and Staebler & Baker, Inc. 


Subsidiaries of Graphic Controls Corporation 
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A CONTROL PERSONALITY 


Yasundo Takahashi 





imported modern control to Japan 


One of the key figures behind Japan’s resurgent 
control industry is a mild-mannered college profes- 
sor who just recently took up residency in the 
United States to pursue advanced control tech- 
nology. In 1948, as a neophyte in the control field, 
Yasundo Takahashi imported the technique of fre- 
quency response to his native island. Over the next 
eight years, he taught it, and applied it to industrial 
control, with such effect that an energetic young in- 
dustry was born. 

Takahashi has combined academic training in heat 
transfer with an interest in automatic control. As 
a serious student at Tokyo Imperial University, he 
majored in mechanical engineering, earned his de- 
gree of Ko-gakushi (a Japanese rank that falls some- 
where between the American BS and MS degrees) 
in 1935. His first industrial experience, with the 
Japanese National Railways designing railway rolling 
stock, lacked the intellectual challenge that young 
Takahashi wanted, so he switched to a more demand- 
ing academic life, teaching and researching heat 
power systems. First, he was a lecturer at the Yoko- 
hama Technical College, then an assistant professor 
at Nagoya Imperial University. In 1946, his work 
in heat transfer systems earned him a doctorate 
degree. 

By this time, of course, World War II had ended. 
Takahashi was hard hit psychologically, like many 
Japanese, and at a loss as to what to do for the 
future. He accepted a chair of dynamics of ma- 
chinery at his alma mater, Tokyo Imperial University 
(whose name was promptly changed in postwar en- 
thusiasm to University of Tokyo), although he had 
little experience in this area. 

At this time, Takahashi was strongly influenced 
by the far-sighted chairman of Japan’s National 
Science Council, Professor Kankuro Kaneshige, who 
told Takahashi that “automatic control would some- 
day be the most important area of mechanical engi- 
neering”. ‘Takahashi took this suggestion to heart, 
launched a course in automatic control. 

Putting together his first lecture notes was a 
herculean task. Most of the Japanese technical 
libraries had been destroyed by bombings; and con- 
tact with the outside was almost impossible. Still, 
Takahashi pieced together his notes by writing to 
control engineers in the U.S. and England, then 
combining their replies with technical papers. For 
the first four years, he spent practically all his 
working hours outside the classrooms going over 
papers from the U.S. and England. 

In this way, he grasped the frequency-response 


technique developed at MIT, and from 1948 this 
became the backbone of his courses and his research. 
He put it to work in the industrial application of 
conventional control. 

(Takahashi points out that the evolution of mod- 
ern control technology in Japan has not paralleled 
developments in the U.S. Mechanical engineers 
pioneered Japanese control, not electrical engineers. 
The reason: a postwar ban on such things as fire- 
control systems stultified the development of servos 
and servo theory. EE’s concentrated on such tasks 
as rebuilding power-generating and distribution sys- 
tems using conventional approaches.) 

At the university, Takahashi also concentrated on 
the transfer function analysis of heat exchange proc- 
esses; and this was the subject of the first paper he 
prepared for presentation outside Japan. It was 
published in 1952 in England. 

The diminutive control engineer has been a fre- 
quent contributor to Japanese scientific publications. 
In addition, he has written three books that are an 
important part of any Japanese control engineer’s 
library. The trio: Automatic Control published in 
1949, and Theory of Automatic Control and Auto 
matic Control Manual, both published in 1954. 

Takahashi’s propensity to correspondence with 
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Pressure Potentiometers for... 


HIGH TEMPERATURES 
and CORROSIVE FLUIDS 


Type P103 
Pressure Potentiometer 
shown % size 


New Trans-Sonics* Pressure Potentiometers, Type 
P103, measure pressures of corrosive fluids such as 
red fuming nitric acid (RFNA) and unsymmetrical 
dymethylhydrazine (UDMH) for telemetry and con- 
trol applications at ambient temperatures up to 600F. 


Corrosive fluids are contained by a welded Inconel-X 
bellows which actuates a dynamically balanced mech- 
anism. This mechanism is hermetically sealed in a 
Stainless steel case for protection against corrosion 
and other environmental hazards. 


Accurate and reliable performance has been proven 
under the following conditions typical of missile en- 
vironments: Random Gaussian Vibration 0.1g*/cps, 
15 to 2,000 cps; Acceleration 75g; Shock 75g. 


Flexibility of installation is assured by small size and 
light weight. Dimensions are 1%” diameter by 17%” 
long. Weight is only 6 ounces. Standard ranges are 
0-100 and 0-150 psia . . . other ranges to special 
order. Write for Technical Bulletin P103 to 
Trans-Sonics, Inc., Dept. 11, Burlington, Mass. 


* TRADEMARK 


TRANS-SONICS 


Precision Wansducens 
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.. . TAKAHASHI: 
progress in Japan 


foreign control engineers and his con- 
tributions to Japanese literature finally 
won him an international reputation. 
In 1954, he was awarded a grant to 
study control engineering at MIT as 
a Fulbright research scholar. ‘The 
one-year stay in Boston was _partic- 
ularly welcome to Takahashi, because 
it gave him a chance to meet, and 
work with, some of the engineers who 
had introduced him to frequency re- 
sponse via the mail. Among them: 
Hank Paynter and Don Campbell. 
At the end of his stay at MIT, 
Takahashi was invited to teach at the 
University of California as a visiting 
professor. In 1956, he went back to 
Tokyo, to the university and also as a 
consultant on. the instrumentation for 
the Ajinomoto Co.’s new chemical 
plant and on nuclear power systems 
for the Mitsubishi Heavy Industry Co. 
In February 1958, Takahashi re- 
turned to the United States, this time 
as a permanent member of the Uni- 
versity of California faculty. In the 
Div. of Heat Power Systems, Dept. of 
Mechanical Engineering, at Berkeley, 
Takahashi is now pushing a couple 
of favorite projects that can be traced 
back to his early association with heat- 
power systems. He’s studying the 
dynamic aspects of heat flow in heat 
exchangers, because he feels the knowl- 
edge may be a key to some kind of 
computing control that will permit 
optimizing the heat transfer process. 
And he’s interested in sample data 
systems: how they might be applied 
to optimalizing thermal processes. 
Teaching at an American Uni- 
versity, Takahashi finds, is a lot dif- 
ferent than teaching at a Japanese 
school. For one thing, U.S. students 
ask questions, lots of them. And this 
Japanese professor, who now speaks 
fluent English, likes the chance for 
discussion with his students. ‘Taka- 
hashi also likes the idea of home- 
work in the U.S. educational system 
(though much abused of late), feels 
it is much more effective than merely 
attending classes, as is done in Japan. 
At Berkeley, Takahashi is building 
a first-rate process-control laboratory, 
a place where students can tinker with 
hardware; though he is the first to 
admit that he is a theoretician. “To 
me,” says the man who brought fre- 
quency-response techniques to Japan, 
“controllers are just little black boxes.” 
But his eyes sparkle when the con- 
versation gets back to frequency-re- 
sponse techniques and how they can 
be applied to his favorite study— 
thermal processes. 











@ Lightweight . . . only 8.5 oz. 


@ Superior Linearity and Hysteresis 
Characteristics 


Two Stage... First Stage Separable 
Assembly 


Dry Coils 
Adjustable Nozzles 
3.5 or 5 gpm Models at 3000 psi 


8 ma Differential Current for Rated 
Flow 


Self-Cleaning Air Gaps 
Maximum Reliability 
Wire Mesh and Magnetic Filters 


Easier Field Servicing 


NeW Wiccers. SERVO VALVE 


Designed primarily for aircraft and 
missile applications, the new Vickers 
Electro-Hydraulic Servo Valve has 
numerous features (see above) 
that assure optimum performance 
and dependability. 

Porting modulated flow to linear 
or rotary actuators with respect 
to minute input current has been 
optimized within a small envelope 
and at a weight that is approxi- 
mately 30% less than other valves 


of similar capacity. Design also 


provides for interchangeability with 


many existing servo valves now 
used in airborne applications. For 
further information, ask for techni- 
cal bulletin number SE-98. 


VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division « Engineering, Sales and Service Offices: 
ADMINISTRATIVE and ENGINEERING CENTER TORRANCE, CALIFORNIA + 3201 Lomita Boulevard 
Department 1606 + Detroit 32, Michigan P.O. Box 2003 + Torrance, California 
Aero Hydraulics Division District Sales and Service Offices * Albertson, Long Island, N.Y., 882 Willis Ave. 
Arlington, Texas, P.O. Box 213 + Seattle 4, Washington, 623 8th Ave. South + Washington 5, D.C., 624-7 Wyatt Bidg. 

Additional Service Facilities at: Miami Springs, Fia., 641 De Soto Drive 


TELEGRAMS: Vickers WUX Detroit, TELETYPE: "ROY" 1149 «© CABLE: Videt 
OVERSEAS REPRESENTATIVE: The Sperry Gyroscope Co., Ltd.—Great West Road, Brentford, Middx., England 


Engineers and Builders of Oil Hydraulic Equipment Since 1921 
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>*K VOLTAGE 
REGULATED Model SC-32-2.5 
POWER ) 


SUPPLIES 0.01% ‘stasiviny" 


oc oc 
OUTPUT! OUTPUT 
MODEL VOLTS | AMPS. 
aie —— $C-32-0.5 | 032 | 005 
SC-18-2M / 2 \z° SC-32-1 0-32 | Ol 
wu. $C-32-1.5 | 0-32 0-1.5 
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0. 1 0 ei DUAL OUTPUT 0-32 0-1.5 
$C-32-2.5 | 0-32 0-2.5 

S$C-32-5 0-32 0-5 
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f 2SC-100-0.2| 0-100 0-0.2 
SC-36-0.5 O56 _| 005 Ine 0 DUAL OUTPUT 0-100 | 0-0.2 


SC-26-1 oO | 61 SC-150-1 | 0-150 | 0-1 
$¢-36-2 O% | 0 SC-300-1 | 0-300 | 0-1 
SC-3672-0.5| 36-72 | 0-05 
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120 standard voltage 
regulated pens ee 5 mover | vouTs. | AMPS. 
covering a wide range jos 
of transistor, tube , PSC- 5-2 0- 7.5 2 


and magnetic types. 4! PSC-10-2 | 7.5-12.5 

For complete specifications, ae Bin gm  PSC-15-2 | 125-17.5 
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Recovery area 

Tracking and communications 
Communications 

Existing facilities 
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WHAT’S NEW 


NASA Plans Global Range To 
Track Man In Space 


In July NASA will award a 
multi-million dollar contract 
for the construction of an in- 
strumented range fo track the 
first man in space. The range 
has been designed for almost 
any eventuality as the first 
astronaut is launched into 
orbit, travels around the 
globe three times, and then 
returns safely to earth. 


LANGLEY RESEARCH CENTER, VA.— 

This month the National Aeronau- 
tics and Space Administration will 
open bids for a world-wide tracking 
and telemetering range for Project 
Mercury—NASA’s man-in-space pro- 
gram. ‘The range will monitor the 
launch, orbit, and recovery of a man- 
ned satellite; and collect data on man’s 
physiological and psychological capa- 
bilities while in orbit. 

Overall responsibility for policy and 
planning of the manned satellite rests 
with NASA’s Space Task Group, but 


scientists at Langley Research Center 
are overseeing for STG the new con- 
struction of the 17-station range. 
Scheduled completion date of the 
global tracking and telemetering range 
is May, 1960. 

As a first step in obtaining bids, 
NASA invited prospective bidders to 
a preliminary session at Langley in 
April. Purpose of the meeting was to 
brief the potential contractors on 
NASA’s plans for the range. Then 
in May, NASA issued a formal work 
statement and specification, which 
gave the bidding prime contractors 
time to team up with subcontractors 
having specific talents for this huge 
diversified, and dispersed engineering 
and construction project. 

At Langley Research Center, as- 
sistant director Hartley A. Soulé re- 
counted for Controt ENGINEERING 
what he and his associates disclosed 
to the would-be contractors at the 
April meeting. In summary, they 
talked about how NASA and other 
governmental agencies planned the 
key instrumentation phases of Proj- 
ect Mercury including the 11-station 
tracking network, the six-station tele- 
metry and vehicle communication net- 
work, ground communication and data 


transmission, the computing center, 
and the control center. 

¢ Operational plans—Sometime in 
1960, the capsule without its human 
occupant will be launched from Cape 
Canaveral at a heading to pass south 
of Bermuda in a 33-deg orbit. Once 
aloft, the capsule will speed around 
the world three times in a 105-nautical 
mile circular orbit, and then land near 
San Salvador. Total flight time: about 
270 min. This flight, short as it will 
be, will take years of comprehensive 
planning to cover every known con- 
tingency. Later, one of the specially- 
trained astronauts will make the same 
flight. 

Using the range instrumentation, 
the men on the ground will know at 
every instant where the capsule is, 
where it is going, and how the space 
passenger is faring. The manned 
satellite dictates a high degree of 
tracking accuracy, an urgent need for 
real time computing capability and a 
new order of magnitude of reliability 
for communications. 

While aloft, the capsule’s instanta- 
neous position will be determined by 
radar, and its future position predicted 
by a battery of computers at strategic 
locations. ‘he astronaut will be under 
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ULTRASONIC 
BREAKTHROUGH! 


ONLY ACOUSTICA 
ULTRASONIC 
CLEANERS HAVE 
MULTIPOWER! 


The Multipower transducer developed by 
Acoustica research, multiplies the power 
and efficiency of ultrasonic action. Clean- 
ing is faster, better, labor costs are lower. 
Acoustica ultrasonic cleaners are built for 
performance and durability. They are 
engineered to the finest standards, un- 
equaled in quality and value. 


Off-the-shelf in capacities from 1 to 75 gal. 
or custom built to 5000 gal. and more. 
Expert Acoustica engineers can help you 
with your cleaning problems. Send for 
further information. 


Mi IN Los ANGELES 


acoustica 


LEADER IN ULTRASONIC RESEARCH 


COSHH HEHEHE HEHEHE EH EEEEE 


Acoustica Associates, Inc. 
Dept. CE, Fairchild Court, Plainview, N. Y. 


Send information describing advantages of 
Acoustica ultrasonic cleaners. 
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Address. 
City. 





Zone. State. 
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__WHAT’S NEW 


ANTICIPATED RECOVERY AREAS 





Name 


5 


QOOOOLO 


| Cape Canaveral 
Mid Atlantic 
Canary Islands 
Charleston 

San Salvador 
Puerto Rico 











GLOBAL RANGE 





_Purpose 


Launch abort 


Sustainer abort 
Injection abort 
Flight emergency 
Final recovery 
Secondary recovery 








STORY STARTS ON PAGE 19 


surveillance by and in voice commu- 

nication with aeromedical officers who 
| will receive telemetered data about 
| such physiological factors as pulse rate, 
| heartbeat, and temperature, permit- 
| ting them to assess the astronaut’s 
| condition. If necessary the medical 
| men—one at each telemetering station 

—can notify the control center at Cape 

Canaveral of the desirability or need 
| to abort the mission. Scheduled or 
| emergency recovery of the manned 
| capsule will be carried out by Navy 
ships picketed at preselected areas. 

¢ Recovery operation—Firing of ret- 
rograde rockets will slow the capsule 
and return it to atmosphere, about 
70,000 ft up. Then a series of para- 
chutes will further slow the descent 
and give the recovery ships ample time 
to determine where the capsule will 
land and to converge on the impact 
point. 

Planned impact point, at the com- 
pletion of the third orbit, is off the 
coast of San Salvador. The map (page 
19) shows the orbital paths (deter- 
mined by the direction of launch) and 
some stations in the range. As the cap- 
sule flies over Hawaii on the third lap, 
a tracking station there will send to 
the computing center final informa- 
tion for correcting predicted trajectory. 
When the capsule is several hundred 
miles off the U.S. west coast, retro- 
rockets will be triggered. The preset 





program for retrorockets fixing will be 
carried by the capsule. 

The orbital paths crossing near the 
Florida coast establish a high-prob- 
ability recovery area should conditions 
require aborting the mission prior to 
completion. Abort and recovery of the 
manned capsule will occur in case of 
failure of life support system, attitude 
control, or power supply, in case of 
cabin decompression or fire, or in case 
of pilot’s physiological or psychological 
difficulties. 

¢ Range arrangement—In the gen- 
eral range plan, the tracking network 
determines vehicle location, the tele- 
metry and communication system 
monitors the status of vehicle and 
occupant, and the computing and con- 
trol centers initiate command func- 
tions for abort control and normal re- 
entry initiation. 

In all, the range will be made up of 
17 primary stations; seven already 
exist as parts of the Atlantic, Pacific, 
and White Sands missile ranges. That 
leaves only six telemetering and four 
tracking s*ations to be built. These 
new stations will be mobile to offer 
flexibility in positioning stations for 
future tracking missions. The heavy 
concentration of tracking capability 
in the U.S. permits precision deter- 
mination—from piesent data—of fu- 
ture capsule position. This type of 
prediction will be carried out by a 





the Foxboro Type C 
VERNIER VALVACTOR* 


MOST UNIVERSALLY ADAPT 
VALVE POSITIONER ON THE 


tom) {th | \ 
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NCREASING INSTRUMENT P 
“* INCREASES VALVACTOR Alm 


The Type C Valvactor’s distinctive motion-balance princi- 
ple of stem positioning eliminates loading effects of heavy 
fixed-stroke actuating springs. Note compactness — the 
simplest mechanical design of any valve positioner. 


*Trademark of a precision valve positioner made by The Foxboro Co, 





FOXBORO 


REG U.S PAT OFF 


CONTROL VALVES AND POSITIONERS 


f 


Unique Flexibility Easily reversible in 
seconds. Sequencing by two simple 
adjustments. 


Super Response Full air-pressure output 
to diaphragm motor on signal air-pressure 
change as small as 2 of 1% of signal span. 


Extra Speed New, high capacity relay 
provides high speed positioning action. 


Positive Positioning Direct, motion- 
balance feed-back assures instantaneous, 
pin-point positioning. 


Now there's a positive-action, super- 
precision valve positioner that you can 
easily adapt to any diaphragm motor 
application — without exchange of parts! 
It's the Foxboro Type C Vernier Valvactor 
with unique motion-feedback. 

The Type C Valvactor has a master 
setting disc which provides easy change 
of action as required by the control 
system, as well as easy reversal of 
Valvactor action for air-to-open or 
air-to-close control valves. Adjusting 
for limited stem travel is equally simple 
-.. sequencing of several valves is a cinch! 

The Valvactor is the ideal solution to 
such problems as stem friction, plug 
friction, valve motor and transmission 
line lag, and extreme process line 
pressure changes. And it requires prac- 
tically no maintenance! Available 
with 3-gauge and by-pass manifold, or 
plain manifold. Write for full details. 


The Foxboro Company, 367 Norfolk St., 
Foxboro, Mass., U.S.A. 
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An accurate two-axis graphic recorder 
for automatically plotting any test data 
that can be reduced to electrical form. 
Built-in sweep circuit permits plotting 
dependent variable against time, With 
appropriate accessories will: 
* Read out original electrical data 
from curves. (Curve Follower ) 


* Plot identified points from 
Keyboards, Tape, or Cards. 


%* Automatically produce 
Gain-Frequency records. 


>K with TIME BASE 
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All models iliustrated feature: 

x Independent servo-actuated drives, 
isolated from ground, each axis. 

* Continuous type range controls, plus 
accurately calibrated range steps. 

* Zero set and one full scale of zero 
suppression for each axis. 

* 200,000 ohms per volt to 2 meg- 
ohms input resistance, each axis. 

* Recording speed of one second or 
less for full scale deflection. 

* Accuracy better than 0.25% of full 
scale; resetability within 0.1%. 


Sales 
representatives 





T@ 600 VOLTS (ui ‘sTEPS) 
“i $1. mh 50, 100) 800 800 SECONDS 


All prices f.0.b. factory. Prices and specifications 
subject to change without notice. 


inat § F&F. L.MOSELEY CO. 


principal areas. 


409 N. Fair Oaks Ave., Pasadena, California 
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group of computers in the Washing- 
ton area. 

Communication and computing— 
A survey showed the best location for 
the computing and communications 
center to be Washington, because of 
the extensive communications facili- 
ties already existing in that area. 

Communication to the computer 
will be by land lines or submarine ca- 
ble from stations in the U.S. and 
Hawaii. Bermuda station will have a 
separate computer and will act inde- 
pendently if its radio link with the 
center fails. Other stations, sending 
data by teletype, will not be in real- 
time communication with the center. 

The computing and communica- 
tions center will collect data from 
tracking and telemetering stations, 
compute trajectory, and provide the 
control center at Canaveral with in- 
formation needed for its control-com- 
mand recovery functions. Digesting 
tracking data, the computing center 
will determine at what instant to fire 
the retrorockets either for normal or 
abort reentry to bring the capsule 
down in a selected recovery area; an- 
other job is to supply acquisition data 
for the next radar along the capsule’s 
path. 

¢ Control center—At the Cape Ca- 
naveral control center, the mission 
will be masterminded. Into the cen- 
ter will flow information from the 
computing and communications cen- 
ter, from the launch pad, from com- 
puters, and from various receivers. 
And from it will go command signals 
to the capsule. Displays will indicate 
trajectory data, impact prediction, 
time to retrofire, range status, capsule 
data, and aeromedical data. With 
such information at hand, control 
officers can make necessary decisions 
about mission progress and initiate 
appropriate commands. 

What happens if the retrorockets 
don’t fire? Here, too, NASA has an- 
ticipated the contingency. At the se- 
lected orbit altitude—105  miles— 
enough friction exists to slow the cap- 
sule down and return it to atmosphere 
in 48 hours. And this will be enough 
time to predict impact point and start 
moving recovery units to that location. 

—Harry R. Karp 
e 


Airbome statistical telemetry equip 
ment will be supplied by Applic | 
Science Corp. of Princeton for Project 
Mercury. The $100,000 installation 
will consist of a dual channel spec- 
trum analyzer: one channel for the 
airborne analysis of vibration data; the 
other for acoustical data. By analyz- 
ing the noise spectrum in space, band- 
width requirements are reduced from 
several ke to near zero. 
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relies on Tung-Sol semiconductor 


Tung-Sol semiconductors furnish the 
combination of sensitivity and rugged- 
ness needed for Cutler-Hammer’s new 
transistorized relays. The Tung-Sol units 
react quickly and display unfaltering 
electrical stability. They resist shock 
and vibration, and stand up under the 
most severe industrial service. 

The cold weld seal found in all Tung- 
Sol power and high power transistors 
—an exclusive development of Tung-Sol 
research — contributes heavily to the 
long-life reliability Cutler-Hammer val- 
ues. Cold welding gives a true hermetic, 
copper-to-copper seal and eliminates 
heat damage, “splash” and heat-caused 


moisture. The special seal stays vacuum- 
tight, moisture-proof even through 
“breathing”. 

If you need the power-saving, space- 
saving features of semiconductors . . . 
if your circuit calls for tubes — you 
can be assured of premium performance 
when you specify Tung-Sol. Tung-Sol 
makes both to a single high quality 
standard. Our applications engineers, 
expert in both vacuum tube and semi- 
conductor problems, can give you an 
impartial recommendation for the cir- 
cuit complement that most efficiently 
answers your design. needs. Tung-Sol 
Electric Inc., Newark 4, New Jersey. 


s) TUNG-SOL 
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Moog servoactuators are compact, lightweight 

package units that typically include an actuating 

cylinder, servovalve, and feedback sensing 

; _flevice. These integrated units offer the advan- 

Ped .-- In their: tages of a comprehensive custom design includ- 
Ni ing reduced complexity and retaining high 
rocket gimballing performance. Additional special features can 

be incorporated to meet particular applications. 


systems In addition to ICBM and other missile, rocket, 
and aircraft applications, Moog servoactuators 
can function wherever rapid, accurate, high 


For complete details on Moog servoactuators force positioning is essential in an electro- 
write for Catalog 170. hydraulic system. 


MOOG SERVOCONTROLS, INC. PRONER AIRPORT, EAST AURORA, NEW YORK 
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WHAT‘S NEW 


The Army's 
Newest Weapon: 


ADP 


Dummy model of Informer, in 
telligence computer being devel- 
oped for the Army under the 
eye of Fort Huachuca’s Auto 
matic Data Processing Dept. 


Computers may become regular issue for tactical units of the Army. 
A program is underway to develop ruggedized mobile machines and to 


search out applications of automatic data processing. 


FORT HUACHUCA, ARIZ.— 
How can the tactical army use com- 
puters? What functions of an army 
command lend themselves to ADP 
(Automatic Data Processing)? What 
kind of computer hardware is needed 
to satisfy the rugged requirements of 
Army life? These three problems are 
the backbone of a giant data process- 
ing project at the Signal Corp’s Fort 
Huachuca electronic proving ground. 
Later this month, Huachuca computer 
men will make one of several detailed 
proposals to CONARC (Continental 
Army Command), which is coordinat- 
ing the army’s’ overall effort, suggest- 
ing specific ways and means of using 
computers in the tactical army. 

Since 1956, the Signal Corps at 
Fort Monmouth (N. J.) has wrestled 
with the problem of where to look for 
applications of ADP. The Covrps, 
with CONARC, has queried all the 
branches of the tactical army, produc- 
ing some 70 suggestions. 

Huachuca’s Automatic Data Proc- 
essing Dept., is now following up this 
early work. Its main effort: preparing 
possible computer programs. In addi- 
tion, the department is performing 
systems analysis and trying out the 
programs on simulated versions of the 
field computers. 


Lt. Col. J. F. Nutt, head of the 


Field Test Div. of the ADP Dept. 
points out that some army applica- 
tions don’t lend themselves to auto- 
matic data processing. But the group 
is studying almost 100 promising pos- 
sibilities which do. Example: the 
artillery field survey—determining what 
guns are in range of a target; calcu- 
lating how much ammunition each 
gun has left, how much life each gun 
barrel has remaining so that a com- 
mander can decide which guns to fire. 
Right now, Huachuca’s major activ- 
ity is in two directions: first, with sys- 
tems management help from the 
Ramo-Wooldridge Div. of Thompson 
Ramo Wooldridge Inc., the ADP 
Dept. is readying to test a family of 
field computers for the army; second, 
the department is testing army field 
applications of automatic data process- 
ing. Final decision on the third aspect 
at what levels computers will be 
used—is up to CONARC which is 
coordinating army’s computer efforts. 
¢ New computers—Hardware studies 
are well underway. In fact, first de- 
livery of a prototype is expected be- 
fore the end of the year. There are 
four machines in the field family: 
>» MOBIDIC (Mobile Digital Com- 
puter) is probably the best known. 
It’s a general purpose, solid state ma- 
chine with about the same capacity 


as an IBM 709, although it is being 
built by Sylvania Electric Products, 
Inc. Its core memory can be expanded 
to a capacity of 28,000 words. Hua- 
chuca’s ADP Dept. thinks that MOBI- 
DIC, mounted in two trailer vans, 
will probably be employed at Army 
headquarters level (organizationally, an 
Army is composed of two or more 
Corps; each Corps is made up of three 
divisions) to do a wide variety of func- 
tions. Some typical ones: automatic 
compilation of reports such as the 
army’s traditional morning report, 
bookkeeping and record keeping for 
troop payments, logistics controls- 
automatically telling when to order 
key supply items, and cataloging in- 
telligence and tactical information. 

Although the Army commander 
still has to make tactical decisions, 
once such a decision has been made, 
the computer can be put to work to 
supply logistic data to help implement 
the decision. 

> LOGIPAC and BASICPAC are 
quite similar in design. Both are be- 
ing constructed by Philco Corp.; both 
are transportable in 24 ton truck shel- 
ters. They are intended for command 
posts at a lower level than the Army 
headquarters. The bigger storage ca- 
pacity of LOGIPAC makes it look 
promising for depot warehousing ac- 
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MUIRHEAD 


Transfer 
Function 
Analyser 


The Muirhead Transfer Function Analyser is an easy-to-operate equipment 
which provides an accurate method of testing the frequency response of servo 
systems and electrical networks. 


The Analyser will measure the phase difference and amplitude gain or loss 
between any two points of a servo system over the frequency range 0.5c/s — 
10kc/s. From this data, the Transfer Function of the system, or any of its 
sections, can be computed. 


Results are obtained directly in polar form so that polar diagrams (e.g. 
Nyquist diagrams) can easily be plotted. 


Servo testing made easy! 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Ave., New York 17, N.Y., U.S.A. 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. 
MUIRHEAD & COMPANY LIMITED, Beckenham, Kent, England. 
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WHAT'S NEW 


counting operations. 

>» COMPAC is also a Philco project 
and it is a derivative of the LOGIPAC 
design. But it is to be a small (24 
cu. ft), portable (85 Ibs) machine that 
would be used at special sites—as part 
of a radar or a meteorological system. 

One other machine being developed 
is not part of the family of field com- 
puters. This device is called In- 
former, and it is being built by IBM. 
As its name implies, Informer has 
an intelligence job. Its main func- 
tion: to store a huge volume of facts 
about the enemy and make them easily 
accessible on call. It will be a general 
purpose machine with special purpose 
search devices. Its large random ac- 
cess file will hold 200,000,000 bits. 

To back up these computing ma- 
chine developments, the Army is also 
pushing work on new peripheral equip- 
ment. 

e Anderson Nichols is producing an 
electromechanical, ruggedized high 
speed printer with a capability of 600 
lines per min. 

¢Smith Corona Kleinschmidt is 
building a ruggedized input-output 
device. Input may be punched in by 
keyboard or by punched tape. 

¢ Ampex is designing a special mili- 
tary tape transport unit which will not 
require rigid humidity and tempera- 
ture restriction controls. Its charac- 
teristics: a 45 ke rate, 500 bits per 
inch packing, and a tape speed of 150 
in. per sec. 

¢Systems analysis—Some of the 
most interesting work underway on 
the computer project is the digital 
simulation being done on both equip- 
ment and systems. According to Capt. 
A. B. Crawford, Operations officer of 
the Huachuca ADP Dept., a possible 
application of MOBIDIC is tried by 
simulating MOBIDIC on another 
computer and then debugging the 
program for the application right on 
the simulated MOBIDIC. 

For this digital simulation work, 
Fort Huachuca dedicated in February 
one of the most extensive computing 
facilities in the West. The base has 
a new IBM 709 machine, a Librascope 
LGP 30, an Autonetics Recomp II 
and an IBM 610. 

But even with the most detailed 
simulation, the final proof of the 
usability of a computer and an auto- 
matic data processing system will 
come from actual field tests which Fort 
Huachuca is-now setting up to handle. 
Huachuca will be a proving ground 
for computers and ADP systems just 
as Aberdeen tests artillery guns. 

—Lewis H. Young 





INSTANT 


INDICATION OF 
VOLTAGE TOLERANCE 


MODEL 50 COMPARATOR 


MLLIVELTS DC 
as 4s 
. ’ 


WON-LINEAR SYSTEMS INC qs DEL MAR, CALIFORNIA 


with the NLS 50 Go/No-Go Voltage Comparator 


Here's a new method for determining whether or not an 
input voltage is within prescribed limits . . . and to do so 
quickly, easily and accurately! Just set the front panel dials 
of the NLS 50 Voltage Comparator to read any two voltages 
within the range of + 0.001 to + 999.9 volts. Apply the 
voltage under test and in 90 milliseconds the NLS 50 gives 
a clear go/no-go indication of voltage tolerance. Watch the 
limit lamps on the front panel. If the green “Between Limits” 
lamp lights, the applied voltage lies within the pre-set 
limits. If either of the red lamps light —“Upper Limit” or 
“Lower Limit”—the voltage under test is too high or too low. 


With a sensitivity of 0.005% and its limit settings precise to 
+ 0.01%, the NLS 50 Voltage Comparator outperforms any 
other type of voltage limit detector. It’s transistorized, too 
. . . for reliability and ruggedness. And it’s so compact . 
the only limit detector complete in one package. Comparison 
amplifier, limit setters, reference supplies and range multi- 
plier are all included in the one instrument, a 31-in. high 
unit that fits conveniently into a standard 19-in. rack. 


In addition to giving visual warning to the operator, the NLS 
50 gives go/no-go commands to such electrical devices as 
cut-off relays, sorting chutes, data printers, tape or card 


punches, and audible warning equipment. Extremely versa- 
tile, the instrument may be used as a high-accuracy voltmeter 
without modification and may be adapted easily to detect 
resistance limits. 


The broad applications of the NLS 50 Voltage Comparator 

include the following: 

© Automatic checkout of missiles and electronic systems. 

© High-speed, high-accuracy warning systems involving any 
parameter that can be converted to voltage (speed, tem- 
perature, liquid level, distance, angle, acceleration, mag- 
netism, weight, pressure, flow, light or other radiation 
flux). 
Automatic component test equipment for testing resistors, 
relays, diodes, transistors, vacuum tubes, batteries, tachom- 
eters, motors, speed regulators and slip rings. 
Automatic process control, receiving inspection, produc- 
tion quality control. 


Write today for more detailed information concerning the 
capabilities, applications and operation of the new NLS 50 
Go/No-Go Voltage Comparator. 


price $1775 complete © F.0.8. DEL MAR 


Originators of the Digital Voltmeter 


non-linear systems, inc. 


DEL MAR (San Diego), CALIFORNIA 


NLS — Digital Instruments That 


W ork 


And Work 
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THESE FEATURES 


Make The BS&B 


"FO 


TODAY’S OUTSTANDING 
VALVE IN ITS CLASS! 


BS&B Super 70 Control Valves are 
widely used with instruments to control 
pressures, temperatures, liquid levels and 
flow. They efficiently handle gas, air, 
vapor, steam or liquids in a wide variety 
of applications. Valve bodies are avail- 
able with either the patented clamp ring 
—float ring closures—up to 600# ASA— 
or the conventional flanged-gasketed 
type closures in ratings up to 2500# ASA, 





ee os 
bs 
wm 


DP Body w/clamp ring— DP Body w/flanged- SP Body w/damp ring— SP Body w/ftlanged- 
float ring closure gasketed closure float ring closure gasketed closure 





1. Direct, R d P Bal d 8. 2-Piece Forged Steel Ci Ri 
VALVE BODIES AND Berm pove-ent tom eet Reeeaegel Bes Ore te 
2. Diaphragm Plate of Ductile Iro Follower 
INNER VALVES REVERSIBLE 3. Mouided ‘Sletienem a ‘Gendt With 10. + sa Duty Adjustable Bolted 


WITHOUT ADDITIONAL PARTS Nylon ‘Inserts Construction 
4. Pressed Carbon Steel Case 11. Teflon CVU, TA and GA Packing 
5. AISI 303 Stainless Steel Stem 12. Solid Cast, Step-Type Design 
6. Tempered Steel Spring, Precision 13. Flanged-Gasketed Closure 
Calibrated To Within + 2% 14. Clamp Ring—Float Ring Closure 
7. Ductile Iron Yoke 15. High Capacity, Stable Flow Body 


For the location of your nearest BS&B Sales Office or 
Representative, consult your Chemical Engineering Cat- 
alog or Refinery Catalog. Or if you prefer, write directly 
to us for detailed information. 


Brack, Sivaits s Bryson, INC. 


Controls Division, Dept. 4-ES7 
7500 East 12th Street Kansas City 26, Missouri 
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CtE Visits the 


World Petroleum Congress 


Oil men from all over the world flocked to New 
York for the Fifth Annual World Petroleum 
Congress, first ever held in the U. S. Mirroring 
the increasing importance of control, many of the 
most interesting booths exhibited control products. 
The three key areas: adapting computing-control 
to the process, extending sophisticated electronic 
controls into the oil fields, and presentation of 
new, unique measuring instrumentation. 


Mass Flowmeter for natural gas was jointly developed by Black, Sivalls 
& Bryson and General Electric Co. Reading directly in pounds, the 
unit measures the angular velocity imparted to the fluid as it flows 
through a turbine. The torque, proportional to this angular momentum, 
is transmitted to a gyro-integrating mechanism which transfer the mass 
flow into a cyclometer register where it is recorded in pounds. Produc- 
tion of the unit for gas applications is scheduled to begin in 1960. 


New electronic controller was unveiled by General Precision Controls, 
Inc. in display that preached all-electronic approach to process control. 
It included linear flow transmitter, electronic controller, electro-hydraulic 
actuator and general purpose digital computer (Libratrol 500). 


cur RO MWOLING. COSTS 


Supervisory Control, offered by Texas Instruments, uses 16-bit code 
word for measurement, control and alarm on a single pair of wires 
or microwave. Units are available as all-solid-state, all-relay, or any 
combination. Installations already sold: automatic custody transfer 
applications, and automatic, remote control of off-shore drilling 
stations. Venezuela Sun Oil's installation on a drilling platform in the 
middle of Lake Maracaibo will be one of the most sophisticated appli 
cations of electronic control in the oil production industry. Magnolia 
Oil Co. will use its system for automatic custody transfer 


Established product with new application was this Product Analyzer 
built by Industrial Nucleonics Corp. and now being applied to petro- 
leum processes. Under development by the same company: a portable 
radiation density gage for use in oil fields 
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FOR AUTOMOTIVE TESTS WHAT‘S NEW 
ROCKET ENGINES : Na 


NEMA Systems Section .. . 


ACCURACY ON . ae y | . . . gets underway with a full 


an Sadia head of steam. Task forces 
IN SPITE 4 start meeting to develop 
Ir standards for industrial auto- 


matic systems. 


OUTLIVES Since its formation in January (CtE, 


Feb. 1959, p. 28), NEMA’s (National 

: % G IN E Electrical Manufacturers Association) 

new Industrial Automatic Systems Sec- 

AFTER tion has moved fast to set up working 

task forces. Reporting on the first six 

ENGINE months activity, Section chairman 

D. L. Pierce, (Westinghouse Electric 

Corp.) said that the group now has 
ten member companies: 


Allen-Bradley Co. 
Allis-Chalmers 

Clark Controller Co. 

Cutler Hammer 

Electric Corp. of America 
General Electric Co. 

Reliance Electric and Eng. Co. 
Square D Co. 

Ward Leonard Electric Co. 
Westinghouse Electric Corp. 


At the first meeting back in Jan- 
uary, said Pierce, a General Engi- 
7 gaa neering Committee was formed (Its 

STATHAM P285TC STATHAM P10 | chairman: William Alvarez, GE) and 

: Oil-Damped Pressure : ' Pressure Transducer instructed to establish standards in 
r 1 ° aie" clu ing e to owing Specl C areas: 

Transducer pin automatic ie, sane 1) definitions; 2) compatability of sys- 

' This new, extremely rugged 1 f. Soares See ten Sy ae tem components; and 3) standards 

' bays. = fase , of the world’s leading auto ei F : 

: oil-damped miniature | manufacturers, this rugged or system performance. 

i pressure transducer ! 

' easily survives the ns 

! 

" 
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1 
; pressure transducer In February two task forces were 
i : hel tied enaien after setup. One is working on definitions, 
function pressures an : ' iesitiin hens eat sane | reviewing all existing and proposed 
blast pressures of rocket | Low hig, te of definitions concerning automatic sys- 
engine environments. : 2 Pent ga day ee - © (eutler ti Its eae 
' , . N. Eck (Cutler-Hammer). 1e 
; el yy seated h second; on system compatibility. 
handling and cated The latter group, chairmanned by 
; overload in many A. G. Mueller (Square D Co.), is de- 
' applications, the veloping utilization standards for com- 
| P10 affords the accuracy, ponents used in industrial automatic 
reliability and infinite systems. That means rating utiliza- 
cme, Syremtys ~ tion standards, performance standards, 
ot wabonded dieein voltage utilization standards and stand- 
gage instrument. ards for acceptable forms such as tape 
Write to Dept. CE-604-1 widths, card sizes and codes. 
Meanwhile, the General Engineer- 
bo yadda Te ing Committee itself has attacked the 
Los Angeles 64, California problem of standard voltages for sys- 
tem. below 110 volts and standards for 
a range of operations in the areas of 
voltage, temperature and frequency. 
One other group hard at work is 
the Scope committee which is at- 
tempting to define the section’s areas 
of interest. Chairman H. W. Cory 
(Allis-Chalmers) cites the need for 
| the new, NEMA .ection in a special 
—— editorial on page 79. 
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1 
H Measures pressures 
| from 0-50 to 0-1000 psi 
with the infinite 
resolution, accuracy 
and reliability of 
unbonded strain gage 
instruments. 
Absolute and gage 
models. 
Write for Data File 
CE-608-1. 


12401 West Olympic Boulevard 
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TIME DELAY 
TIMER 
in ranges 


Provides time dela 
deal for 


up to 9.5 minutes. 
such applications as the 
protection of power tubes 
and/or operating preset 
operating cycles. Available in 
120 or 240 volt, 50 or 60 


cycle current. 








It takes Tough Testing to 
build Timing Performance 





When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance 


because every production model and every new design 
has proved itself by passing the toughest, most exhaus- 
tive series of tests that our engineers can devise. 

Quality control at Haydon starts with a careful inspec- 
tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in- 
spected or physically tested after every operation that 
can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 
and timing devices. All units are performance tested 
for many hours under varying conditions and are check- 
ed for quiet operation. Percentage samples of each lot 
are checked for torque rating, timing accuracy, and ac- 
curacy and alignment of gears and shafts. In addition, 
all new —- and periodic samplings from production 
are subjec to special “life endurance” tests in which 
hundreds of units are run continuously under various 
load conditions. In some instances, units have now been 
running ceaselessly for more than 10 years . . . proving 
their ability to perform millions of cycles without failure! 
When you submit your timing — to Haydon, _ 


can be certain that our teams of engineers and other 
Timing Specialists have the experience, knowledge and 
ed, produced and 


facilities to supply devices design 
tested to meet your needs exactly and perform accord 
ing to your specifications 

For further information, write now, outlining your 


timing requirements 
DIVISION OF 
GENERAL TIME CORPORATION 





400 CYCLE 
MOTOR 


These split phase motors 


provide the military an _ 
accurate approach to timing 


control for military 
applications. Rotor speed is 
3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 


trains if desired. 


CYCLE TIMER 


These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 


timing intervals, and with a 
e of enclosed single 


wide ran 
Sle throw switches 





AT TORRINGTON 


2331 EAST ELM STREET 


Haydon | 
TORRINGTON, CONNECTICUT 


le, dou 
for 120 and 240 volt operation 

or 50 and 60 cycles. 
JULY 1959 


Headquarters for Timing 
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NEW LOW-COST: 


PRECISION 
FLOW RATE 
CALIBRATOR 


Now, with a low-cost Porter Volu- 
metric Calibrator? you can easily and 
accurately calibrate any fluid-flow de- 
vice. Far simpler to use than other 
equipment presently available, this 
calibrator requires no vapor-pressure 
corrections or involved mathematical 
computations; its operation can be 
quickly mastered by even non-tech- 
nical personnel. 

The primary element of the unit 
is a free-floating piston which rides 
within a precision-bore glass tube. A 
unique “mercury-ring” seal gives the 
piston nimble responsiveness, yet pre- 
vents error-inducing leakage. Back- 
loading is extremely low, and is 
constant throughout the full range of 
piston travel. 

Sizes from 4%” to 5” with capacities 
from 25 cu. to 0.75 cu. ft. are available. 


Portable Flow Rate 
Calibrator, Model No. 
1050, is a complete, 
packaged test stand 
for ranges from 50 to 
5000 cc/min. Unit has 
three precision-bore 
calibration chambers, 
@ back-pressure indi- 
cator, gas temperature 
indicator, automatic 
overrange protection, 
automatic timer, and 
all necessary selector 
and dump valves, 


*Pat. Pend. 
WRITE FOR DETAILED INFORMATION 


BROOKS ROTAMETER COMPANY 


759 E STREET, 
LANSDALE, PA. 


S.A. 1936 
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ENGINEERING 


© What's next in telemetry? 
® Unraveling self-organizing concepts 
® Big savings for gas from instrumentation 


Telemetry Conference 
Eyes the Future 


DENVER— 

For the National Telemetry Con- 
ference, traditionally a place for re- 
ports of past achievements, 1959 was 
a major change. Much of the mate- 
rial presented had a future comple- 
tion date. Listeners kept hearing ref- 
erences to “the next thing to be done” 
rather than detailed descriptions of 
what has been done. 

One significant accomplishment for 
the future was the founding of a Joint 
Technical Telemetering Conference 
Committee, aimed at coordinating 
every interest in the field. Gus M. 
Thynell, Applied Physics Laboratory, 
Johns Hopkins Univ., was appointed 
temporary organizing chairman. 

Organizations to be represented at 
the start: American Rocket Society, 
American Institute of Electrical En- 
gineers, Institute of Aeronautical 
Sciences, and Instrument Society of 
America. Later, the Institute of Radio 
Engineers will be invited to join (IRE 
is the only major society which does 
not participate in the NTC; it has its 
own telemetry conference). 

¢ Tomorrow’s telemetry—The future 
of telemetry came in for particularly 
careful scrutiny at one panel session. 
Speakers agreed that the next major 
step would be a closed loop system op- 
erating at command. 

“About 99 percent of telemetering 
now is ‘just in case’ information”, said 
Lawrence W. Gardenhire, director, 
astrionics div., Radiation Inc. “The 
best way to avoid this is to establish 
a flexible command system that will 
record data only when needed.” 

Telemetry will cease to exist in its 
present form in the next few years, 
Gardenhire predicted. “As we go 
out further into space,” he said, “we 
must combine all types of imeasure- 
ments into a common system that will 
include guidance—a two-way control 
system operating at command”. 

eSpace data transmission—At 
another panel session, speakers took 
a look at space data transmission and 
its future. Dr. George E. Meuller 


predicted improved worldwide tele- 
phone service, radio, and television re- 
ception in five or ten years through 
“fixed” satellites. Serving as repeater 
stations, these satellites would be so 
far out in space—22,000 miles—that 
they would be synchronized with the 
earth’s rotation. 

Dr. Meuller had some other ideas 
for better communications, too. He 
urged the installation of digital sys- 
tems in satellites soon. ‘The. use of 
digital techniques, he said, will sim- 
plify data reduction on the ground. 

Both Dr. John Hagen, National 
Aeronautics and Space Administra- 
tion and Dr. William H. Pickering, 
Jet Propulsion Laboratory, urged sim- 
ple space experiments. Hagen said 
“One of the best ways to insure suc- 
cess is to lay tremendous emphasis on 
the simplicity of the experiment’. 
Pickering added, ““The lesson we have 
learned from the past is this: keep 
things simple and you have a better 
chance of getting useful data’. 

¢NTC attendance booms—The fu- 
turistic aspects of the 1959 conference 
apparently had a beneficial affect on 
the registration desk. 1,063 engineers 
attended, a big increase over the 600 
at the 1958 meeting in Baltimore. 

—Frank Pitman 
McGraw-Hill News 


Disciplines Clash 
at Self-Organizing 


CHICAGO 
When the sponsors—Armour Re- 
search Foundation and the Office of 
Naval Research—organized the Inter 
disciplinary Conference on Self-Or- 
ganizing systems, they had a clear 
objective in mind. They expected 
that discussions of “growing (mean- 
ing evolutionary) automata”, devices 
capable of a lot of learning or self- 
organizing, would’ shed  cross-dis- 
ciplinary light on how to design and 
engineer such spontaneous operations. 
But the hope for cross fertilization 
was slow to materialize. In the broad 
gage meeting, the disciplines found it 
hard to “inter-anything’. Babel and 
confusion reigned as medical doctors 





Firing Sequencer 
with 762 

CLARE RELAYS 
gives automatic 
control 


Automatic control of the countdown at 
the Air Force’s Cape Canaveral Missile 
Test Center—from X minus 90 minutes 
to 10 minutes after a missile is fired — 
is in the hands of a Milgo Model III 
Sequencer. 
The Sequencer, built by Milgo 
Electronic Corporation, Miami, Fla., 
automatically controls the myriad 
operations which must be performed 
before any missile can be launched. It 
is preprogrammed to recognize the 
precise condition that must exist during 
each of the operations it controls. 
When any other condition is detected, 
it will automatically hold fire until the 
condition is corrected. In a recent 
instance, it saved a Titan prototype 
which developed a malfunction after 
firing but before actual takeoff. 
Another of these sequencers is being 
built by Milgo for installation at the 
Pacific Missile Range, Vandenberg Air 
Force Base, Calif. 
Milgo engineers selected 762 Clare 
Type J and Type HG Relays for this 
supremely important device, and not 
one has ever malfunctioned. Here is 
convincing proof that, where the safety 
Front view of Model Il! Se- of personnel and of valuable equipment 
quencer which uses 762 CLARE is at stake and the utmost accuracy is 
Type J Relays and 14 CLARE demanded, a designer who rides with 
ee Clare relays can rest assured that he has 
: ‘ chosen wisely and well,—not necessarily 
the cheapest relays but certainly the very 


best. 
View of control rack of Model Il! 
Sequencer showing 56 CLARE 
Type J sealed relays. 





C. P. Clare & Co., 3101 Pratt Bivd., Chicago 45, Il ce 
In Canada: C. P. Clare Canada Ltd., P. O. Box 1 , Ontario. 
Cable Address: CLARELAY 
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NEW GALVANOMETER AMPLIFIER 
Strengthens Low Power Signals 
to Drive High Frequency Oscillographs 








Output 












































Honeywell Visicorder or other 
High Frequency Galvanometer 








Oscillographs 











Galvanometer Amplifier, Model T6GA-1, measures 312” high, 19” wide, 15¥,”" deep. 








DESCRIPTIVE DATA 


VOLTAGE GAIN: 
Adjustable from 0 to 1.0 


OUTPUT (37 OHM LOAD): 
+ 2.4 volts at 65 ma d-c to 
8 Ke, limits at £100 ma. 


OUTPUT IMPEDANCE: 
2 Ohms d-c to 10 Ke 


CONTROLS: 
6 GAIN controls, 
ON-OFF switch 


INPUT IMPEDANCE: 47 K- 


ISOLATION: 

Individually floating chan- 
nels for use with ungrounded 
loads 


1 Power 


NOISE: 
Less than 3 mv peak-to-peak 


DRIFT: 
Less than 3 mv/°F 


POWER REQUIREMENTS: 
115 volts +10 volts, 50 to 
440 cps, 45 watts 








q 


With Honeywell’s new Galvanometer Am- 
plifier, Model T6GA-1, high frequency oscil- 
lographs can now be operated directly by low 
power input sources of 1 volt or more. These 
inputs, some of which are shown in the 
diagram above, should have output imped- 
ances of 10 K or less although higher source 
impedances can be tolerated. Noise and drift 
are indistinguishable on the recorded output 
when the galvanometer-amplifier combina- 
tion has a maximum sensitivity of 1 inch 
per volt. 


The Model T6GA-1 is a compact, six 
channel, three stage transistor d-c amplifier 
with overload protection to eliminate both 
danger of transistor damage and galvanom- 
eter burnout. 


Each of the six amplifier channels is 
isolated from ground by individual floating 
power supplies. Write for Bulletin B-ET6 to 
Minneapolis-Honeywell, Boston Division, 
Dept. 34, 40 Life Street, Boston, Mass. 


Honeywell 


[| Fit x Couteol 
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WHAT'S NEW 


tried to talk to computer doctors, con- 
trol doctors, logic doctors, language 
doctors, and natural historians—and 
vice-versa. 

One common stimulus, however, 
was the push to develop systems which 
can spontaneously (or automatically) 
classify, identify and represent their 
inputs and states. Systems that will 
identify written and spoken symbols, 
translate language, retrieve informa- 
tion and adapt themselves to pre- 
scribed goals, must have such spon- 
taneous abilities. 

Although ideas and philosophies 
abounded, hardware and specifics were 
as scarce as the desired interdiscipli- 
nary accord. One exception was a 
presentation by Gordon Pask, Eng- 
lish scientist currently visiting at the 
University of Illinois. Pask described 
an electrochemical device that actually 
duplicates what PhD’s and MD’s be- 
lieve the learning process does. 

¢Common concept—In the diver- 
gence of ideas, one thought kept reap- 
pearing. Any self-organizing system 
must have a “training sequence”. By 
raining sequence, speakers meant 
some activity by which the system 
could look at its own response and 
remember whether it was good or not 
for future use. 

The thing (as good a name at this 
time as any) to be organized has to be 


| described, that is its goals stated, 


methods of accomplishing them stated, 
and priorities assigned to the methods. 
If no priority sequences are assigned, 
a circumstance called “‘pandemonium”’ 
takes over. 

¢ Feedback applies—It was interest- 
ing to control engineers to realize how 


| the idea of “feedback” generalizes to 
| fit the postulates of the self-organizers. 


Logic devices take the differences be- 
tween goals and performance, find 
a given characteristic and direct the 


| actuators. 


But a lot of questions remain. How 
formal, how finite, how nearly fixed 
must a system be before self organiza- 
tion, self improvement or spontaneous 
construction will go to work? And 
what stops it once it has started? 

—William E. Vannah 


Instrumentation Payoff 
in Gas Transmission 


DALLAS— 

Economic justification of telemetry, 
remote control and information sys- 
tems proved to be the highlight of 
the American Gas Association Trans- 
mission Conference held here in May. 


| Listeners heard reports of big savings 





NIFORM: UNIFORM 


ICKERS. 
SILICON POWER RECTIFIERS 


SOUND ENGINEERING * PRECISE MANU- 
FACTURE « THOROUGH TESTING 
assure 
GREATER RELIABILITY * CONSISTENT 
QUALITY * LONGER LIFE A7 LESS COST 





Every Vickers Silicon Power Rectifier offers the same excellent 
operating characteristics: extremely low reverse current and for- 
ward drop; stability at high temperatures; greater economy, with 
current ratings as much as 25% above other rectifiers of similar 
size and price. 

This uniformity is achieved through stringent manufacturing 
and quality control techniques, with “surgical” cleanliness at every 
stage of production. Uniformity in manufacturing produces higher 
yield of perfect rectifiers at minimum cost to you. Uniformly high 
product quality means exceptional reliability—low maintenance 
costs. 

For complete information on Vickers Silicon Power Rectifiers, 
available in 2, 8 and 12 ampere sizes, contact the sales engineering 
office below, or write for Series 3300 Bulletins. 




















VICKERS INCORPORATED res 


DIVISION OF SPERRY RAND CORPORATION 
ELECTRIC PRODUCTS DIVISION 


Wicker: 1805 LOCUST STREET + SAINT LOUIS 3, MISSOURI 


Sales $7. Louts—CEntral 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—EXecutive 3-2650 BOSTON (Representotive)—CEdor 5-6815 
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WESTINGHOUSE HEAVY-DUTY 
PROXIMITY LIMIT SWITCH 


WON’T WEAR OUT .. . completely static, never needs to 
be replaced 

WATERPROOF .. . operates completely submerged in liquid 
EXPLOSION-PROOF .. . new Westinghouse switch is ‘“‘potted”’ 
. . . all internal connections are completely sealed 

CUTS INSTALLATION TIME .. . trip point is easily ad- 
justed by balance adjusting screw . . . no contact or lever arm 
adjustment 

CORROSION RESISTANT .. . impervious to salt spray 
DESIGNED FOR MILITARY APPLICATIONS .. . has 
passed military shock and vibration tests 

TWO SENSING HEADS AVAILABLE .. . for either tripping 
distances within % inch . . . or within 2 inches 


Why not get all the facts about the new Westinghouse heavy- 
duty proximity limit switch . . . see how and where it can save you 
time and money and give you a better job. Contact your nearby 
Westinghouse sales engineer. Or, write Westinghouse Electric 
Corporation, Director Systems Department, 356 Collins Avenue, 
Pittsburgh 6, Pennsylvania. J-01017 


vou CAN BE SURE...1F ir's Westi nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS” CBS TV MONDAYS 
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WHAT’S NEW 
made possible by installation of tele- 
metering and remote control gear. 

For example, as a result of one in- 
stallation, C. E. Pettry, Charleston 
Group Cos., Columbia Gas System, 
Inc., reported estimated annual labor 
savings of $150,000—exclusive of 
fringe benefits which add on an addi- 
tional 20 percent. The system, which 
continues to grow in size, now ties in 
22 stations telemetering 171 opera- 
tions to two central control points. 
Eventually it will telemeter 250 pres- 
sures from 50 stations, remotely oper- 
ate necessary valves and regulators. 

“We are becoming more convinced 
each day,” Pettry concluded, “that 
this is the best way to handle large 
volumes of gas efficiently and econom- 
ically”. 

Remote control operation of a 
marshland gas station will pay off in 
three years, B. O. Fields, Southern 
Natural Gas Co. told the meeting. 


| Because the station is located in an 
| area normally inundated with several 
| feet of water, the major saving stems 
| from not having to build quarters for 
| an operating crew. 


The station is remotely controlled 


| by a microwave system consisting of 
| two terminal stations and one repeater 


station. Information such as _pres- 
sures, temperatures, engine speed and 


| valve positions is telemetered to the 
| control station located 45 miles north 
| of the station. 


—Kemp Anderson 
McGraw-Hill News 


Purdue-CtE Conference: 
A Tutorial Success 


LAFAYETTE, IND.— 

Over 100 industrial control engi- 
neers registered for the first Purdue- 
ControL ENGINEERING Components 
Conference, held at West Lafayette, 
Ind., May 4 and 5. The specially 
prepared papers—on the theme, Put- 
ting Control Components to Work— 
prompted a lively discussion period 
after each presentation. Five of the 
outstanding papers will be published 
in future issues of CtE. 

Main banquet speaker, J. Allen 
Crocker (program director, guidance 
and control, Office of Advanced Tech- 
nology, National Aeronautics and 
Space Agency) proved to be a talented 
speaker as well as a valuable source of 
information. His review of how com- 
ponent failures have haunted missile 
and space shoots gave the audience of 
industrial control engineers a taste of 
military problems. 





To see where man cannot survive... 


Convair—and hundreds of other firms—use KIN TEL Closed Circuit TV 


CONVAIR, NORTHROP, LOCKHEED, DOUGLAS and 
virtually all other major missile and aircraft 
manufacturers use KIN TEL closed circuit TV to 
observe operations that are tedious, difficult, or 
even impossible for men to watch. 


Other industries, too, rely on KIN TEL TV to per- 
form a countless number of jobs safely, inexpen- 
sively, tirelessly. U. S. STEEL uses it to see inside 
open-hearth furnaces. WESTINGHOUSE watches 
nuclear power-reactor tests with it. AMERICAN 
POTASH AND CHEMICAL uses it to monitor produc- 
tion-line and warehousing operations. All told, 
hundreds of companies — both large and small — 
have found profitable uses for this equipment. 


KIN TEL’s basic TV system, consisting of camera, 


on system 
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camera control, and receiver, is surprisingly low 
in cost, and may be obtained on a lease-purchase 
plan. The camera is rugged, compact. Picture 
quality is almost twice that of the best home 
TV reception. A complete line of housings and 
accessories permits observation of nearly every 
kind of operation, in all kinds of environments. 


Nationwide factory-trained engineering repre- 
sentatives can show you how KIN TEL TV can 
be put to profitable use in your company. Write 
direct for TV catalog 6-103 and the name of 
your nearest representative. 


5725 Kearny Villa Road 
San Diego 11, California 
BRowning 7-6700 bs we pa Aaa id 
=" 2-6 
5 Pn % 


eceCcrTrTromics, i~vc 
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KELLOGE 


TYPE “L’ RELAY 
miniaturized - versatile - reliable 


Kellogg’s Type “L” Relay features— 

High operating force: greater sensitivity, gram 
pressure, springs per pileup. 

Rear mounting: for ease of wiring. 


Wide coil variety: single or double wound, for any 
circuit needs. 


Bifurcated stationary springs: for independent contact 
action and high reliability (single contacts also available). 


Heavy duty bronze yoke and stainless steel bearing 
pins: for long life and stable adjustment. 


Single or double arm type armatures available. 
Hermetically sealed models, if desired. 
Operating speed: minimum of 1-2 milliseconds. 


Contact points: gold, silver, palladium, tungsten; 
others available. 


Residual: adjustable and fixed. 


Time delay: heel-end slugs and armature-end slugs 

for release time delay and operate time delay, respectively. 
Terminais: slotted. 

Weight: net, 2-1/4 oz. 


Dimensions: 2-1/4” L x 1-1/8” W, height ranges from 
17/32” to 1-1/16” (max.) 


Operating voltages: up to 220 volts D.C. 
Backed by Kellogg and International Telephone and 


Telegraph Corporation. Inquiries are invited. Send 
for a free catalog on Kellogg relays, components. 


HKEILOGE 


CHICAGO, ILLINOIS 








Kellogg Switchboard and Supply Company, 6650 South Cicero Avenue, 


Chicago 38, Ill. Communications division of 
International Telephone and Telegraph Corporation. 


Manufacturers of Relays * Hermetically sealed relays*Switches 
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Computers to Control 
California 
Generating Units 


LOS ANGELES— 

Southern California Edison will 
put two computer-controlled steam 
turbine generating units on line at its 
Huntington Beach Station in 1960. 
The utility has purchased two General 
Electric 312 general purpose digital 
computer systems (CtE, April °59, p. 
44), one each for generating units 
number three and four. On each unit, 
the computer will direct hot and cold 
start up, normal and emergency shut- 
down, and continuous control of the 
boiler-turbine-generator systems. 

¢ Accident prevention—Main reason 
for the computer control, say utility 
executives, is to prevent serious acci- 
dents that might damage the generat- 
ing unit. Each of the new units is 
rated at 210-mw. A serious startup or 
shutdown accident on a unit that big 
might cost the utility as much as $1,- 
500,000 to $2,000,000. Experience 
has shown that most such accidents 
are caused by human oversights: fail- 
ure to open or shut a key valve, incor- 
rect sequence of operations, or im- 
proper performance of procedure. By 
restricting the role of the human op- 
erator, the computer will assure that 
the station is started up and shut 
down with the proper procedure, will 
not forget to open or close any regu- 
lators. 

In addition, the automatic super- 
visory control should reduce the num- 
ber of unit outages during normal op- 
eration by constant scanning of key 
variables and reporting prompt cor- 
rective action during an emergency. 
In case of unavoidable outages, the 
computer will get the unit back in 
service faster. 

¢ Scanner and logger, too—On line, 
the GE 312 system will continuously 
scan 900 points covering fuel (the 
plant uses only gas or oil fuel) and 
water flow, steam temperatures and 
pressures, and electrical values. It 
will log 50 critical quantities each 
hour. Approximately 300 alarm points 
will also be identified and printed out. 
Maximum scanning rate of the sys- 
tem will be 300 points per sec. 

The Southern Cal Edison plant is 
the second announcement of com- 
puter-controlled startup in recent 
months. In April, Louisiana Power 
and Light bought a Daystrom Infor- 
mation System for the same purpose 
at its Little Gypsy Station. 





B-I-F INDUSTRIES 


BUILDERS-PROVIDENCE - 


PROPORTIONEERS + OMEGA 


MAJOR FORMULATOR USES 





OMEGA 
WEIGHER AS 
“WATCHDOG”! 


* 


OMEGA PNEU-WEIGH SOLVES 
MANY PROCESS MEASURE- 
MENT AND CONTROL 
PROBLEMS! 


* Checking in-plant inventory 

* Weighing incoming and outgoing bulk 
shipments 

* Evaluating process efficiency 

* Density checking 

* Batch weighing 

* Signal producing for pacing additive 
materials proportional to a variable flow 


Process control systems requiring accu- 
rate measurement and control of dry 
materials benefit most from the applica- 
tion versatility of the Omega Pneu-Weigh. 


In operation, a suspension scale lever 
system transfers the weight of the material 
to a stacked diaphragm pneumatic sens- 
ing element. This produces a 3 to 15 psi 
output air pressure signal representing 
zero to maximum weighing rate. This 
signal then operates a pressure gage to 
indicate rate of flow and an integrator to 
show the amount weighed. The pressure 
signal can be used to operate a chart 
recorder, or to control feeders or other 
devices. 





OMEGA PNEU-WEIGH BELT WEIGHER CHECKS PRODUC- 
TION LINE OUTPUT OF 50 VOLUMETRIC FEEDERS TO 
MAINTAIN CRITICAL LIMITS...REDUCING PLANT DOWN- 
TIME, LOST MAN HOURS, AND PRODUCTION HOLDUPS! 


The proportioning system of a 
major formulator consists of a line 
of some 50 volumetric feeders. Each 
of these feeders puts out its particular 
fraction of a formula on a continuous 
basis. Any one feeder, departing 
from its preset output rate, thus up- 
sets the ultimate formulation. If not 
discovered immediately, the conse- 
quences could be embarrassing, 
costly, or both! 

At this particular installation, an 
Omega Pneu-Weigh 36-20W belt 
(stream) weigher had been installed 
at the end of the collector conveyor 
to “watchdog” the operation through 
a remote Totalizer-Indicator-Re- 
corder located just outside the man- 
ager’s office. It immediately became 
a popular addition to the plant by 
monitoring production, shut-downs 


and inventory . . . but its real value 
showed up one day at the start of a 
long formulation run. 

The Pneu-Weigh showed output 
far less than expected. The line was 
shut down . . . a hasty check showed 
the delivery rate of one volumetric 
feeder was substantially lower than 
its critical limit. This was quickly 
corrected and production resumed. 
If this discrepancy had not been 
caught at once, over 100 tons of 
formulated product would have had 
to be remade at considerable expense 
in plant time, man-hours, planning, 
removal of the paper-bag package, 
and subsequent resacking. The 
“watchdog”, installed on a trial basis, 
had proved its worth and was pur- 
chased shortly thereafter. 
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Omega Pneu-Weigh 
is a small, compact 
unit which comes com- 
pletely equipped . . . 
ready to operate as 
soon as connected to 
air pressure and elec- 
tricity. It offers high 
accuracy . . . within 
+'%% of maximum 
rate; wide range, 10:1 
with constant speed drive or 50:1 with 
variable speed drive; and with maximums 
from 10 to 3000 Ib. per minute. The 
Omega pneumatic totalizer assures high- 
est accuracy as weight of materials is 
continuously integrated with belt speed. 


Accessory equipment includes remote 
or local totalizer-indicator-recorder which 
reads directly in desired weight unit or 
per cent of maximum scale; a ratio adjust- 
ment unit for tape or card printer; a 
remote manual gate positioner for volume 
checking; and hoppers, bin-gates, batch 
counters and contactors. 


Versatile but uncomplicated, no tech- 
nical training is required for the operation 
and maintenance of the Model 36-20W 
Pneu-Weigh Weigher. For complete data 
on this or other process control systems, 
write B-I-F Industries, Inc., Industrial 
Sales, 528 Harris Avenue, Providence 
1, Rhode Island. 





With Allis- Chalmers 
Valves 

BALL VALVES 
BUTTERFLY VALVES 
ROTOVALVES 





Here’s a new wafer valve—with Allis-Chalmers full-bodied design— 
that incorporates many of the highly-desirable features of two- 
flanged butterfly valves. 


Rugged Construction—A-C full-bodied design affords full protec- 
tion; there is no chance of cracking around bolt holes. Vanes are 
pinned to stainless or monel shafts with high-tensile pins. Over- 
sized outboard roller bearings and retaining plates are used. Rugged 
standard mounting brackets provide maximum support for any 
operator in any position. 


Flexibility— Valves can be provided in a wide variety of alloys to 
handle all types of fluids and semi-solids over a wide temperature 
and pressure range. They may be equipped with almost any operator, 
ae be mounted in several positions on standard A-C bracket 
assemblies. 


Through Rubber Seats—Full rubber seats on A-C Wafer Valves 
afford maximum body protection and positive, bubble-tight shutoff. 
Standard seats are of natural gum pubeee. neoprene or hycar. Other 
materials are available on request. 


Size Range— Full-bodied A-C Wafer Valves are available in stand- 
ard sizes from 3 to 36 inches in both 125# and 150# A.S.A. series, 
rated as shutoff pressure of 50# and 125#. 


For information on the complete line of Rotovalves, and butterfly, 
ball and wafer valves, contact your nearest A-C valve representative, 





or write Allis-Chalmers, Hydraulic Division, York, Penna. 


RESEARCH ff DESIGN | 
Rotovalves ¢ Ball Valves ¢ Butterfly Valves « Free-Discharge Valves | 





Hydraulic Division 


ENGINEERING 9 FABRICATION 


ALLIS-CHALMERS 
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Hydraulic Turbines & Accessories « Pumps « Liquid Heaters 





EUROPEAN REPORT 


Computers in 
Process Control 


An English symposium hears 
a variety of ways to use com- 
puters—both analog and digi- 
tal—in process control. The 
reluctant conclusion: theory 
far outstrips application. 


LONDON— 

At London’s Central Hall, members 
of three British societies convened last 
month for a serious symposium on 
Instrumentation and Computation in 
Process Development and Plant De- 
sign. After listening to three days of 
presentations in such areas as process 
control systems, on-line computer ap- 
plications, analog computer usage, and 
methods of improving process effi- 
ciency, the audience reluctantly con- 
cluded that theory far outstrips appli- 
cations. But even so, the 20 papers 
supplied the 500 delegates with a 
variety of new ideas. 

For example, the listeners heard 
some useful revelations on current 
methods for distillation column syn- 
thesis. Two British engineers, Brit- 
ish Petroleum Ltd’s J. M. Keating 
and D. S. Townsend, described how 
to use a digital computer to determine 
steady state parameters of a 9,000 
barrel per day iso-pentane superfrac- 
tionator column. Using the data from 
the computer, the two men plotted a 
set of graphs which show the steady 
state relations between the independ- 
ent variables and product quality. 

eUsing the Bonner program—In 
one case, the percentage pentane in 
the distillate was plotted against the 
iso-pentane recovery curves for a fam- 
ily of yield and reflux ratio conditions. 
Other curves showed the same param- 
eters against reboiler load. By com- 
puting on an IBM 650 machine Bon- 
ner’s plate-to-plate program (which 
relies on a series of mass and heat bal- 
ance equations). Keating and Towns- 
end determined the reaction of the 
dependent variables—distillate purity, 
reboiler load and iso-pentane recover— 
for each of four variables of feed tem- 
perature, composition, yield. and re- 
flux ratio. C. J. Lyon of the U.K. 
Atomic Energy Authority described a 
similar approach applied to exchange 
processes in deuterium production. 

¢ Rosenbrock’s stepwise solution— 
Working with a different philosophy, 
Dr. H. H. Rosenbrock (Constructors 
Tohn Brown Ltd) developed a success- 
ful analvsis of a 300-plate column for 
heavy water production. Basis of 
Rosenbrock’s approach was the digital 
solution of the tower differential equa- 


























How Hi-Seal tube fitting design 
simplifies instrumentation piping layouts 


The butt-joint feature of Hi-Seal fit- 
tings is a design consideration ac- 
claimed by fitting users throughout 
industry. The tube does not enter 
body of fitting! It bottoms on the 
shoulder of the sleeve. This butt joint 
feature makes possible far more com- 
pact piping layouts than other fittings. 

Users have obtained these benefits: 
(1) cuts space requirements up to 
50%; (2) reduces number of bends 
required; (3) cuts man hours and in- 
stallation time; (4) substantially re- 
duces the amount of tubing needed; 
(5) permits the use of straight lengths 
of .028” copper tubing in bending 
temper instead of .032” soft tubing in 
coils; (6) ends need for straightening. 


FOOLPROOF ASSEMBLY — Anyone can 
make leakproof connections with Hi- 
Seal fittings. There is only one way 
to assemble the Hi-Seal fitting . 
only one way tubing can go into 
sleeve . . . only one way sleeve can 
go into fitting. 

Hi-Seal design also makes mainte- 
nance of equipment easier through 
quicker disassembly and assembly of 
joints — may be disconnected and re- 


6300 W. Howard St., 








mm oh 


SO 


connected as often as desired. 


COMPLETE LINE — Hi-Seal fittings are 
available in brass, steel, stainless steel. 
Also can be furnished in Titanium, 
Tantalum and other metals. Steel 
fittings supplied with cadmium plate 
or rag] phosphate finish. Conform to 
J.1.C., A.S.M.E. and A.S.A. standards. 
In sizes for %” to 1%” O.D. tubing. 
Furnished with Long Dryseal pipe 
threads or straight thread port seal. 


Write for Bulletin No. 3061 


THE IMPERIAL BRASS MFG. CO. 
Chicago 48, Illinois 


’ 
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New high-pressure valves 
assemble directly to tubing, 
eliminate additional fittings 


A revolutionary new line of Imperial 
needle valves designed for working 
pressures up to 5,000 psi., and tem- 
peratures to 450° F., employs Hi-Seal 
tubing connections. 

These valves attach directly to tub- 
ing and eliminate additional fittings. 
This not only reduces cost but cuts 
installation time and eliminates prin- 
cipal source of leakage. 

For low pressure instrumentation 
service, Imperial also supplies a com- 
plete line of fluid control valves in 
diaphragm, plug, (2, 3, and 4-way 
styles) — needle and toggle types. 


Write for Bulletin 3096, or 
Catalog No, 200 


Dimensional Bends 


It’s no trick to make bends at any 
desired point—that conform to di- 
mensional requirements as to devel- 
oped tube length and location — when 
you use Imperial Blue Dot Benders. 
Full instructions with each bender. 

Imperial Benders are of the open 
side type. They slip over the tubing 
where the bend is desired — handy in 
hard-to-get-at places or when tubing 
has one end connected. 

They form neat, accurate bends on 
hard or soft tubing without anneal- 
ing. Calibrated for bending any angle 
up to 180°. 

Wide range of individual and com- 
bination benders for 2 to 7 sizes — 
from %” to %” O.D. (%" to %” nom.). 


Write for Bulletin No. 3088 


CONTACT YOUR INDUSTRIAL 
DISTRIBUTOR OR WRITE TO 


THE IMPERIAL BRASS MFG. CO. 

Dept. CGN-79, 6300 W. Howard St., 

Chicage 46, I. 

Piecse rush me: Bulletins [1] Ne. 3061 
(1 Ne. 3096 [) No. 3088 [] Cat. No. 200 
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No technical hold ever resulted because of an 
Arnoux Telemetering Decommutation System 
(TDS) ...none has ever been returned for 
factory attention. Routine, minimal field-support 
calls have kept each unit functioning efficiently 
and accurately. Engineers prefer the TDS because 
it’s actually possible to “adjust-in reliability.’ 


>k The Arnoux TDS accepts all PAM & PDM IRIG 
inputs...is modular, compact, small... built-in 
calibration...any channel easily replaced 

with standby plug- in units...independent 
linearity within +14% of full scale. .. long-term 
level drift within +14% ...no errors due to. 

SCO center-frequency drift or discriminator de 
output-level drift or tape-playback speed 
variations...no heating problems...simple, 

novel circuitry. BULLETIN 800b. 

Shown here: 


portion of Arnoux-built 
telemetry-receiving station. 


ARNOUX CORPORATION | 
11924 W. Washington Blvd. « Los Angeles 66, Calif.| 


ARNOUX | 


PHONETICALLY, SAY ARE“NEW 


DECOMMUTATORS 
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tions stepwise in time to obtain equi- 
librium conditions. 

Once equilibrium was established, 
disturbances were introduced into the 
computer program to determine the 
variation ot each plate when reaching 
a new equilibrium position. From 
these plate-by-plate examinations are 
chosen the most appropriate measut- 
ing points and their transfer functions 
calculated. Analog simulation of the 
transfer function and the proposed 
control system then produce the over- 
all system performance. 

Dynamic behavior simulation—A 
major innovation in distillation syn- 
thesis was the dynamic behavior simu- 
lation based on Voetter’s theory an- 
nounced by J. E. Rijnsdorp and A. 
Maarleveld (Royal Dutch Shell, Am- 
sterdam). ‘Their technique allows 
complete analog simulation of a mul- 
tiplate tower without excessive gear. 

When simulating a theoretical 32- 
tray atmospheric column, the simu- 
lator comprises four basic analogs— 
pressure, vapor flow, concentration 
and liquid flow. Only 25 operational 
amplifiers are needed; six resistors and 
five capacitors simulate each tray. 

Results showed pressure and con- 
centration changes for variations in 
heating and reflux ratio. The two 
Dutch engineers were also able to see 
the interaction effect between the col- 
umn temperature and pressure control 
systems when temperature is control- 
led from reboiler heating and pressure 
from the condenser cooling medium. 
The simulation revealed a surprising 
double resonance effect reducing the 
column controllability. 

¢ Optimizing schemes — Optimiza- 
tion is very much on the minds of 
British control engineers, and the 
program mirrowed this interest. E. 
Shapiro (IBM Research Labs, N. Y.) 
outlined a theoretical optimizing pro- 
gram for a process computer control 
system. Then G. A. Coutie, Im- 
perial Chemical Industries, Ltd, pre- 
sented a highly practical evolutionary 
operation for optimization. 

Over the past five years the opera- 
tion, already applied to over 40 ICI 
processes, has upped process yield as 
much as ten percent. Basis of the 
approach: small systematic nudgings 
of the process variables made on a 
carefully planned and continuously re- 
peated cycle. Modifications are too 
small to be detected in individual 
cycles but averaged results over suc- 
cessive cycles provide trend contours. 

¢ Hardware discussion—Other _ ses- 
sions of this meeting covered hard- 
ware application, revealing Britain’s 
slow start in on-line computer instal- 





With Republic valves... 


You get longer life, less maintenance 


For over 35 years Republic valve 
developments have paced the chang- 
ing demands for more sturdy valves 
by the most progressive utilities and 
industries. For such services as pump 
recirculation control, feedwater reg- 
ulation, steam pressure reducing and 
high pressure water control, Republic 
valves have established a reputation 
for durability, long life and trouble- 
free performance. 


Superior valve design— Repub- 
lic research into the causes of valve 
noise and vibration, and also the 
wear resisting and galling properties 
of materials has resulted in a modern 
line of Republic valves of advanced 
design. Republic valve contours are 
designed to produce not only the 
desired regulating characteristics but 
also to reduce erosion damage and 
noise as well. Extra large guide bush- 
ings, extra deep stuffing boxes, solid 
plug inner valve construction, plus 
precise manufacture and long-life 
materials make Republic regulating 
valves perform better, last longer, 
with less maintenance. 


Wide selection of valves and 
features—Rockwell-built Repub- 
lic regulating valves shown on this 


page are representative of the com- 
plete Republic line: 


a. Cylinder operated valve 

b. Lever operated valve 

C. Diaphragm operated valve 

d. Motor operated valve 

e. Toggle head operated valve 

£. Diaphragm operated angle valve 


And, for many special applica- 
tions, such Republic accessories as 
pneumatic and electric valve posi- 
tioners for hysteresis-free control, 
and a complete line of controllers 
are available. 


Whatever your regulating valve 
problem, let Republic engineers put 
their years of application experience 
to work for you. For additional in- 
formation, see your Republic repre- 
sentative, or write to Republic Flow 
Meters Company, 2240 Diversey 
Parkway, Chicago 47, Illinois. 


REPUBLIC INSTRUMENTS 
AND CONTRO 


ROCKWELL©& 
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For dependable remote control 
actuation of mechanical loads 


LEDEX ROTARY SOLENOIDS 


because... 


eight compact sizes are available 

torque values range as high as 54 pound-inches _ 
ratio of torque to size and weight is extremely high 
clockwise or counterclockwise rotations from 25° to 95° 


magnetic pull is efficiently converted to easily- 
harnessed rotary motion 

models are stocked for immediate delivery 

high temperature models that withstand heat up to 
175° C. are available 

experienced LEDEX engineers are available to help 

LEDEX means dependability 


write for descriptive literature today! 


G. H. LELAND, INC. 

DAYTON 2, OHIO, U.S.A. 

In Canada: Marsland Engineering, Ltd., Kitchener, Ontario 

In Europe: NSF Ltd., 81-32 Alfred Pl., London, England; NS¥, GmbH, Nurnberg, Germany 
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lations. H. H. Idzerda was one 
speaker who blamed the imitation of 
other techniques for the lack of real 
progress. He claimed that electronic 
system designers made _ electronic 
equipment mimic the operation of 
other techniques instead of taking ad- 
vantage of its unique potentialities. 

As an example of what can be done, 
he described the electronic flow ratio 
controller developed at the Amsterdam 
laboratories of Royal Dutch Shell. The 
system permits in-line blending ac- 
curate to better than 0.1 percent. 
Price, of the unit will be less than a 
conventional mechanical blender. 

¢ Automatic plant—A combined dig- 
ital-analog system, described by M. N. 
Sage, is used in a fully automatic 
ICI plastics plant. The require- 
ments: speed control of multiple shafts 
to better than 0.25 percent over a 
speed range of 5:1, then programmed 
changes were to be fed in and a or B 
ray gages would initiate speed changes 
based on product thickness. 

In the two loop servo system, nor- 
mal analog controllers regulate direct 
motor speed control on each of four 
shaft setpoints, controlled from a 
transistorized timeshared digital com- 
puter through a digital servo. Re- 
sponse time for a 15 percent speed 
change is reduced to less than one 
minute by linear prediction on the 
digital servo. 

¢ From Russia—A speaker from Rus- 
sia had some state of the art informa- 
tion to pass along. He reported that 
special analog computers applied to 
the study of multi-stand cold rolling 
problems went into service late in 
1958. Divided into three sections, 
each simulating one stand, the com- 
puter had ten integrating amplifiers 
and 20 summing amplifiers, used non- 
linear thyrites for multiplication and 
for generation of non-linear functions. 

Using equations developed by the 
Central Research Institute of Engi- 
neering Technology, Moscow, the 
Russians were able to simulate both 
the mill drive control system and the 
mechanics of the metal reduction 
through the mill. CRIET claims these 
equations cover interstand relations. 

At the Moscow Computing Re- 
search Center optimizing computers 
for process gy Pgenee are under de- 
velopment, the symposium heard. 
First laboratory model is the MH-II 
analog machine with automatic solu- 
tion scanning. Simulated in the MH- 
II are sets of 9th order non-linear dif- 
ferential equations with up to five 
multiplication terms, 3-6 non-linear 
relations and 10-12 summations. 

—Derek Barlow 





digital computer 


ith No problem is too complex to tackle with Recomp—and you can afford to 
pass put it wherever it’s needed to break up computer-time bottlenecks. It’s easy 
storage capacity to use, too; engineers quickly learn to program their own problems. Other 
of 8,000 instructions Recomp features: a command structure of 49 arithmetical and logical com- 
& mands— including 9 built-in floating point commands...standardized tele- 
---and it’s type tape configuration ... all-transistorized . . .400-character-a-second input 
low-priced ... electronic console that puts all basic controls within fingertip reach... 
simplified coding. Recomp gives you far more capacity, versatility, and 
trouble-free service for your money. It’s available for sale or lease. There’s 
no extra equipment to buy...no cost of installation. Please write for 
complete literature. Industrial Products Division, Autonetics, Dept. 37 


3584 Wilshire Boulevard, Los Angeles 5, California. 


This engineer learned to program Recomp in two days 


Digital computers by Autonetics @ 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
Other offices: Dayton, Ohio; Washington, D.C 
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Small, Lightweight 


MERCOID 


PRESSURE 
CONTROL 


,S 
"re 


a 


a TRG 
ONTROL!* 


WEIGHT: 1% Ibs. 


FOR MEDIUMS NOT INJURIOUS 
TO STEEL OR SILVER SOLDER 





( ciRCUIT | 


SP-DT HERMETICALLY SEALED MER- 
CURY SWITCH (4A. 115V., 2A. 230V.) 


COMMON 
ON 
HIGH 


ON 
Low 


Provides any of following operations: 


1. Single Pole—Cut-in high (close on 
rise) 


. Single Pole—Cut-in low (open on 
rise) 


. Single Pole—Double Throw 





| OPERATING RANGE | 


Adjustable | Differential 
Operating Fixed 
Range _ |(Factory Set) 


Maximum | 
Surge 
Limits 

1 to 20 psig} 0.5 psig. 30 psig. | 


| 





1 CONSTRUCTION | 
ADJUSTMENT: External 
PRESSURE ELEMENT: Fairprene diaphragm 
PRESSURE CONNECTION: 4” L.P.S. 
MOUNTING: Has two mounting ears (one on each 
side of control) or control may be pipe mounted 
by means of the %” I.P.S. bottom connection. 
INTERNAL WIRING CONNECTIONS: 3 post ter- 
minal block. 
CASE: NEMA 1—Heavy gauge steel, cadmium) 
plated. Steel cover (with glass front) finished in| 
charcoal-gray. 


WRITE FOR BULLETIN 02 


THE MERCOID CORPORATION 
4201 Belmont Ave., Chicago 41, Ill 
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AROUND THE BUSINESS LOOP 


A Boom? Maybe. . 


. . but there’s no denying the 
new jauntiness in the economy. 
And the control field contributes 
its share, as first-quarter reports 
show. 


By nature a disagreeing race, econ- 
omists have been known to come to- 
gether on developments that are suffi- 
ciently clear-cut and incontrovertible. 
Such a development seems to be the 
current upswing in business. Econo- 
mists agree: business is good! 

In April, the McGraw-Hill Dept. 
of Economics issued its annual survey 
of business’ plans (CtE, June, p. 46), 
which indicated, in the department's 
own words, “a developing businéss 
boom”. By the middle of May, the 
very savvy First National Bank of 
Chicago, in its monthly bulletin, was 
predicting that inventory buying 
would persist, plant and equipment 
spending would be higher than esti- 
mated, as corporate profits continued 
to rise. And very soon afterwards, 
the U. S. Dept. of Commerce con- 
firmed this prediction, pointed to a 
record annual rate of $467 billion in 
national output of goods and services. 

But official proclamations that skies 
are now sunny could hardly be news 
to those industries whose first-fiscal- 
quarter reports have, for the past few 
months, been advising of a change for 
the better in the business atmosphere. 
One of these industries is, of course, 
control. Last month (CtE, June, p. 
77), a few user statements were re- 
produced to show the new trend in 
the control economy; here, now, are 
some statements from control makers: 

g % 





Amphenol-Borg 582,108 


12,980 ,053 


37.7 
24.5 
‘ 340,490 (a) 
10,238,000 45.1 
385,000 (b) 
9,735,000 35.0 
461,759 114.8 
9,675,745 25.6 
; 526,273 20.9 
11,432,477 14.7 
571,204 (c) 
5,489,439 64.4 
Standard Coil 390,397 (d) 
Products 16,591,852 30.6 
Net income loss in first-quarter 1958 of: 
(a) $274,220, (b) $209,000, (c) $150,287, 
and (d) $266,508. 


ta 
Fairchild Camera... 
General Controls... . 


Hoffman. ... 





These were picked at random. ‘The 
first figure is net earnings, the second 
net sales; percentages reflect increases 
over the frst quarter of 1958. 

The statements speak for them- 
selves, but perhaps one thing should 
be especially noted. Of the seven 
random statements, four show net 
income losses in the first three months 
of 1958, but remarkably healthy re- 
coveries in the comparable period of 
1959. They are powerful testimony 
to the resiliency and strength of the 
young, vital control field. 

Incidentally, the Commerce Dept., 
the last of the three economic groups 
to signify its findings, pointed to in- 
creases in nearly every sector of de- 
mand except exports. That included 
consumer and business purchases, 
home construction, government pur- 
chases of goods and services, and in- 
dustrial inventories. 


First SBI Firm 


Is Control-Oriented 


Last April, in San Diego, Calif., 
Electronics Capital Corp. filed an 
SEC statement covering a proposed 
offering of 1,200,000 shares of com- 
mon stock. It was seeking a license 
under the Small Business Investment 
Act of 1958, the act that embodies 
the legal machinery for setting up 
companies that help other companies 
financially (CtE, Dec. "58, p. 120). 
When it is operative, ECC will prob- 
ably be the first firm established under 
the act. 

Significantly, the new firm’s target 
will be small electronics companies, 
both independent producers and those 
that band together to set up product 
development programs or to compete 
for government and other contracts. 
Assistance will be of a technical and 
financial nature, the latter provided by 
purchase of convertible debentures. 
ECC will also look out for share- 
holders of these small firms, will see 
that they get the various tax benefits 
due them for their willingness to in- 
vest in, and thus encourage, small 
businesses. 

President of ECC 
Salik, who heads Electronic Invest 
ment Corp., a fast-growing mutual 
fund located in San Diego. The ex- 
ecutive vice-president is Richard T. 
Silberman, formerly vice-president 


is Charles FE. 
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“Off-the-shelf’’ Lambda power supplies 
—modified only with special panels, MIL 
meters and tubes—will be part of the 
complex radar equipment housed in the 
85-foot tower at Thomasville, Alabama, 
one of four identical installations. 


er Supplies specified 
for newest radar installation 
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Meet MIL-E 4158 environmental test requirements 


Sperry Gyroscope Co., operating under the technical guidance of the 
Rome (N.Y.) Air Development Center, is producing the new SAGE 
radar equipment (AN/FPS-35). The power supplies employed to 
power transmitters and receivers must be able to pass stringent tests. 


Sperry’s choice: Lambda’s COM-PAK® already widely used as a 
component in many rocket and missile programs. 
All Lambda stock industrial power supplies are made to MIL quality 


and guaranteed for five years. They are pictured and described in a 
new 32-page catalog. Write for your copy. 


IN LAMBDA ELeEctTRONiICcS CoRR 


11-11 131 STREET + COLLEGE POINT 56, NEW YORK 


Phinda INDEPENDENCE 1-8500 CABLE ADDRESS: LAMBDATRON, NEW YORK 
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WIANCKO’S NEW 3000" 


AM carrier equipment 


has been the heart of instrumentation systems for many successful rocket 
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ducers. To meet today’s more demanding accuracy and reliability require- 
ments, tens poople are equippog helt faclites with te new 2000 


° convenient electrical calibration 
- high level signals 
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- with both analog and data systems. A minimum of vacuum tubes combined 
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Electronics and a director of Elec- 
tronics Investment. Other directors 
include Neil H. Jacoby, dean of 
UCLA’s Graduate School of Business 
Administration; Joseph M. Pettit, dean 
of Stanford’s School of Engineering; 
Donald C. Duncan, Beckman Instru- 
ments; and J. J. Rice Jr., the First Na- 
tional Trust & Savings Bank of San 
Diego. 

The new company is offering its 
common stock at $10 per share. 

To be eligible for the kind of as 
sistance ECC is prepared to offer, a 
small firm must have annual earn- 
ings of not more than $150,000 and 
total assets of not more than $5 mil- 
lion. The Small Business Administra- 
tion can, of course, change these limits 
if it sees fit. 


GE Gives a New Look 
to Power Tube Marketing 


General Electric Co. is continuing 
to make interesting alterations in its 
marketing techniques. One of the lat- 
est changes involves the Power Tube 
Development Dept. in Schenectady, 
N. Y., which has been reorganized on 
a product-line basis, with three new 
managers of product sales planning re 
placing one manager of product plan- 
ning. Each new manager will be re- 
sponsible for specific product lines, 
and will report to Marketing Manager 
F. L. Miller. 

In contrast to the move at Schenec- 
tady, which seems to be toward a 
product-oriented establishment, one 
affecting the GE Instrument Dept. 
(CtE, May, p. 50) is definitely market- 
oriented: several selected product lines 
are sold to specific markets instead of 
one line being sold to all markets. 
Proponents of both techniques claim 
more effective operation and_ better 
customer service. 

The new managers at Schenectady 

Ardell C. Rowe, who will handle 
hee tubes; Keith E. Wilson, whose 
area will be ignitrons, thyratrons, and 
special-purpose tubes; and Wilbur F. 
McKeehan, who will concentrate on 
magnetrons, space charges, and cam- 
era tubes. Albert C. Gable, the for- 
mer manager of product planning, has 
been named manager of market re- 
search and product planning practices. 


Swartwout Refinery Contract 
Believed Biggest of Its Kind 


A contract to furnish an all-elec- 
tronic control system for a new re- 
finery on Bataan Peninsula, Philippine 
Islands, has been awarded to The 
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. -AMP'’s product is morethan fine 
circuit terminals .. . re than 
remarkably\ precise coffipression- 
crimp tooling ... more than an r 
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THESE FOUR PRODUCT LINES IS AVAILABLE ON REQUEST. 


is 
AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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Swartwout Co. by Standard Vacuum. 
Estimated at about $250,000, it is be- 
lieved to be the largest contract of its 
kind ever assigned by the petroleum 
industry. Field-mounted instruments 
will be specially designed to withstand 
the corrosive atmosphere of the tropics. 
Components will include a two 
stage crude unit, naphtha desulferizer, 
catalytic reformer, distillate desulfer- 
izer, TCC cracker, TCC fractionator, 
TCC gas plant, alkylation unit, and 
steam and power generator. 
Swartwout introduced its all-elec 
tronic process control in 1951. 


Textile Mills Organize 
A Data-Processing Group 


Thirty textile mills have formed a 
Textile Data Processing Association to 
pool information about problems, 
methods, and experiments having to 
do with the processing of business data 
by electronic computer and other cal- 
culating means. Chairman Harold E. 
Williams of The American Thread 
Co., New York, has been steering de- 
velopment of his own firm’s data proc- 
essing center. ‘The new association 
will meet twice a year, is open to mills 
in the following classifications: a 
weaver of broad goods with annual 
sales of $25 million or more; a yarn 
and thread spinner with annual sales 
of $10 million or more; and a finish- 
ing plant with annual sales of $5 mil- 
lion or more. 


French Computer Maker 
to Build, Sell RW-300’s 


The Thompson-Ramo-W ooldridge 
Products Co. has licensed Intertech- 
nique Co. to manufacture and sell 
RW-300 computers in France and 
French possessions. Intertechnique, 
which is located near Paris, has a con- 
tract from the French government's 
electric power utility to furnish a com- 
puting data-logging system for the na- 
tion’s first commercial nuclear power 
plant. This will, incidentally, incor- 
porate two RW-300’s to detect and 
locate pinholes, splits, and other faults 
in fuel cartridges, print out data, and 
actuate alarms. The French firm is a 
subsidiary of General Areonautique 
Marcel Dassault, the largest aircraft 
company in the country. 


Northrop Buys Builder 
of Communications Networks 


Northrop Corp., West Coast elec- 
tronic weapons builder, has acquired 
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Control a | 
gases 
safely, 
accurately 


You get precise regulation of high pressure gases with large flow rates, because Victor employs gas 
pressure to control the regulating diaphragm. The result is accurate delivery from 5 to 15,000 psi with 
inlet pressures to 15,000 psi .. . plus ability to obtain flows in excess of 50,000 scfm at maximum inlet 
and outlet pressures. Chart below shows operating range of standard models 


MODEL MAX. INLET MAX. OUTLET FEATURES MAX. FLOW 
NO. PSI PSI SCFM 


GD10 3,600 ' 500 ustment regulator control 250 

GD30 2,500 2,500 & bleed valve contr 400 

GD31 3,600 3,600 & bleed valve contro 600 

GD6IC 2,500 2,500 & bleed valve contr 170 

GD62C 3,600 3,600 & bleed valve contr 200 

GD65 6,000 6,000 & bleed valve contr 250 

GD65C 7,000 7,000 & bleed valve contr 250 

GD80A 5,000 5,000 & bleed valve contr 500 

... Yours for the asking GD81A 10,000 10,000 & bleed valve contr 800 
Take advantage of Victor's GD86R 10,000 10,000 or remote control only 1,200 
long experience with high GD1OOR 6,000 6,000 r remote contro! only 20,000 
pressure gas regulation to GD100 6,000 6,000 Load & bleed valve contro 20,000 
GD200 6,000 6,000 Load & bleed vi ntr 50,000 

help solve your special G6D700 7,000 7,000 Single adjustment + contrel; 250 
problems involving flow SRIO 3.600 1,000 sideih. cates Guia tiaiiied 4 
corrosive fluids and tem LR20BSS 10,000 10,000 
perature compensation. LV10 7,000 7,000 


Write, wire or phone us BPRIO 7,000 7,000 


od: stainiess stee 
Loader vaive control 
Back pressure regulator 


today. No obligation. Operating temperature range: —67°F. to +250 F. 


All models listed are field proved. Most are designed for panel mounting or remote control. They regu- 
late all non-corrosive gases, including oxygen. Stainless steel models available for corrosive gases and 
pressures above 10,000 psi. For complete specifications, write for Victor High Pressure Regulator sheets. 


ViICcIOR EQUIPMENT COMPANY !3, 


rs Mfrs. of High Pressure and Large Volume Gas Regulators; welding & cutting equipment; hardfacing rods 
blasting nozzles; cobalt & tungsten castings; straight-line and shape cutting machine: 


844 Folsom St., San Francisco 7 »* 3821 Santa Fe Avenue, Los Angeles 58 » 1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned S$ idiar 
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Large 15 ampere contacts elimi- 
nate additional load relays. 


Stop down time with plug-in com- 
ponents for fast timer replacement. 


Easy to set dial whether short or 
long timing. 

Choice of 9 actions available for 
each of 3 contacts. 


Select operation required for your 
circuit. 


A 


@ Set dial to exact time required. 
No guessing at numbers, 


@ Accurate repeatability insures uni- 
form production. 


@ Proven reliability in thousands of 


industrial processes for more than 
25 years. 
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microflex 


Install timer in seconds with op- 


tional plug-in feature. 


eeeeeeoeoev eee eeeeeeeeee eee @ 


EAGLE SIGNAL COMPANY 


A Division of the Gamewell Company 


MOLINE, ILLINOIS 


Dept. CE-759 


Please send FREE Bulletin 110 containing 
complete data on Microfiex Reset Timers. 








NAME AND TITLE 





COMPANY 





ADDRESS 
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Page Communications Engineers, Inc., 
of Washington, D. C., pioneer in the 
application of scatter-propagation tech- 
niques to intercontinental communi- 
cations networks. Most of Page’s work 
is for the armed forces; it includes scat- 
ter systems connecting the U. S. and 
Greenland, and the U. S. and Eng- 
land, a multi-channel system in the 
Pacific for the Signal Corps, projects 
for the Navy in North Africa, Italy, 
and Morocco, and siting and path-loss 
tests for the DEW East project of the 
Air Force. 

Anxious to broaden its scope, North- 
rop sees in world-wide communica- 
tions work the best supplement to its 
efforts in electronics, guided missiles, 
manned aircraft, target drones, and 
other weapons systems. It gave Pace 
95,000 shares of stock, got all of Pace’s 
in return. The Washington firm will 
become a Northrop subsidiary. 

Other Acquisitions 

Pacific Electronic Controls Corp. of 
Monrovia, Calif. (precision potenti- 
ometers) by Royal Industries, Inc., of 
Los Angeles. 

Universal Dynamics Corp. of Santa 
Barbara, Calif. (piezoelectric ceram- 
ics) by Acoustica Associates, Inc. 
(ultrasonic equipment). 


IBM Reshuffles Divisions 
in ‘Major Reorganization’ 


In what it calls a major reorganiza- 
tion, IBM has split its Data Process- 
ing Div. into three parts, combined 
its Military Products Div. and_ its 
Washington Federal Office, and set 
up two new corporate groups to super- 
vise all these new operating arms, as 
well as some others. Specifically: 

* The Data Processing Div. (punched 
cards and electronic processing sys- 
tems) has been separated into a 
marketing division, which retains 
the name Data Processing Div. and 
will market and service all punched 
card accounting machines and. elec- 
tronic data processing systems to all 
domestic outlets except the govern- 
ment; and a Data Systems Div. 
and a General Products Div., the first 
to develop and manufacture large- 
scale electronic data processing sys- 
tems and the second to produce small 
computing systems, and punched card 
accounting machines. 

¢The Military Products Div. and 
the Washington Federal Office have 
been combined to form a Federal 
Systems Div., which will engineer 
and produce special military data- 
processing systems, and in addition, 





“PACKAGING” MICROWAVES 
FOR MOUNTAIN TOPS 


In Arizona, the telephone company faced a problem. How 
could it supply more telephone service between Phoenix 
and Flagstaff—through 135 miles of difficult mountain 
territory? 


Radio offered the economical answer: a new micro- 
wave radio-relay system recently created at Bell Tele- 
phone Laboratories. Operating at 11,000 megacycles, it 
was just right for the distance, and the number of con- 
versations that had to be carried. 


But first other problems had to be solved: how to 
house the complex electronic equipment; how to assemble 
and test it at hard-to-reach relay stations way up in the 
mountains; and how to do it economically. 


On-the-spot telephone company engineers had some 
ideas. They worked them out with engineers at the 
American Telephone and Telegraph Company and at 
Bell Telephone Laboratories. The result: a packaged unit. 


The electronic equipment was assembled in trailer- 
like containers at convenient locations and thoroughly 
checked out. The complete units were then trucked up 
the mountains and lifted into position. 


The system, now operating, keeps a watch on itself. 
When equipment falters, a relay station switches in stand- 
by equipment, then calls for help over its own beam. 


The new Phoenix-Flagstaff link illustrates again how 
Bell System engineers work together to improve tele- 
phone service. Back of their efforts is the constant de- 
velopment of new communications systems at Bell 
Telephone Laboratories. 
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HIGH SPEED SWITCHING 


NEW ROTOJET- 


SEQUENTIAL SAMPLING SWITCH 
MAKES MORE THAN 3,600 CLOSURES / SECOND 





No commutator to cause noise and wear! Contacts are closed by a 
rotating jet of air! New self-cleaning ROTO-JET represents the most 
outstanding development in long life, high speed switching in many years. 
At low power levels, signals of 1, 2, and 3 millivolts can be directly 
transmitted free of measurable noise. Flexible, versatile, module contact 
design enable ROTO-JET to be built with any number of contacts required | 
for a specific application. | 


Here is the long awaited innovation in high speed sampling and | 


switching where a large number of voltage-generating elements must 
be connected successively to a single load. ROTO-JET is the perfect 
solution for directly commutating signals from thermocouples; strain 
gages; light-sensitive devices; and similar low ievel, high impedance 
elements employed in computers, telemetering systems, and compiex 
process control. For full details, write for new Bulletin No. 8.030. 


Just compare! 


ANY SAMPLING SPEED— Sampling or switching speeds up to 40 revolutions per 
second. 


SPLIT-SECOND CONTACT— Closing time less than 60 microseconds; opening time 
less than 80 microseconds. 


2-POLE SWITCHING — Easily supplied to any phase angle. 


POSITION INSENSITIVE — Mounts in any position; no effect on precision operation 
or performance. 


NO MAINTENANCE — Wiperless contact design. Routine cleaning of contacts accom- 
plished while switch is operating simply by increasing air pressure for several 


ROTO-JET 











ELECTRIC REGULATOR CORPORATION | 


Norwalk, Connecticut 


Manufacturers of REGOHM® Regulators, MAGOHM® Magnetic Amplifiers, and GOVOHM® Diese! Generator Governors. | 
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market commercial data processing 
systems to government agencies. 

*A corporate group has been 
formed, under T. V. Learson, vice- 
president and group executive, to 
supervise the new Data Systems Div., 
the new General Products Div., and 
an almost-as-new Advanced Systems 
Development Div., which will de- 
sign and build commercial machine 
systems to mechanize specific informa- 
tion-handling areas. 

*Another corporate group, under 
Vice-President McLain B. Smith, will 
contain the new Data Processing 
Div., the new Federal Systems Div., 
the Supplies Div., and the Service 
Bureau Corp., a subsidiary. 

New appointments made in line 
with the reorganization include: 

William B. McWhirter, formerly 
general manager of the Supplies Div., 
named general manager of the Data 
Systems Div., located at Poughkeep- 
sie, N. Y.; Orland M. Scott, formerly 
manager of Service Bureau Corp., 
named general manager of the General 
Products Div. (Endicott, N. Y.; Bur- 
lington, Vt.; Rochester, Minn.; and 
San Jose, Calif.); James E. Swaine 
Jr., named general manager of the 
Supplies Div.; and Frank J. Cary, 
president of Service Bureau Corp. 

McLain Smith, who takes over the 
second executive group, formerly was 
vice-president and general manager 
of the old Data Processing Div. 


Lockheed Acquires 
Stavid Engineering 


With the exchange of two and a 
half shares of Lockheed Aircraft stock 
for every one of Stavid Engineering, 
Inc., Stavid last May became a Lock- 
heed property. And added its 1,000 
employees, mostly specialists in mili- 
tary electronics, to the big Lockheed 
aircraft-missile machine, to form a 
complex with a highly respectable 
ability to compete for a wide chunk 
of air, space, and industrial systems. 

Formed after World War II by 
David F. Sanders and two other 
Western Electric engineers, Stavid 
immediately began growing fast. In 
the past five years alone, the Plain- 
field, N. J., company increased its size 
four times, finished 1958 with sales 
of $11,277,000. Sanders will remain 
as president, Frank J. Reynolds as 
executive vice-president, John H. 
Hunt as vice-president of manufactur- 
ing, and William A. Schneider as 
vice-president of R&D. 

A team of small firms, led by Stavid, 
successfully competed some time ago 








There's a Robertshaw Representative Almost Everywhere 


company ¥epresentatives assures reliable and 
convenient service to customers of Robertshaw’s 
~ quality Tine of pararitagcs i instruments. 
If you are engaged 


or manufacturing... if 
liquids, granular s 
... you can rely on 
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LEVEL-TEL. A continuous level system which detects, measures and visually indicates 
changes in media level. LEVEL-TEK. An on-off device which operates local or remote 
warning devices or motor driven valves and pumps when a predetermined level is attained. 
LEVEL-SET. An instrument which converts changes in level to proportional changes in 
air pressure for maintaining a constant head in vessels where pneumatic feed control 


systems are employed. LEVEL-LOG. A versatile and extremely accurate RF null balance 
capacitance system for level measurement, recording and control. Robertshaw - Fulton 
Controls Company, Aeronautical & Instrument Division, Santa Ana Free- 
way at Euclid Avenue, Anaheim, California. 
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' SERVO 
MOTOR-GENERATORS 
FOR 
INSTANT 
ERROR-SIGNAL 


RESPONSE 


A significant result of Induction Motors’ creative engineering program in recent 
years is the growing series of precision servo motor-generators . . . Sizes 8, 11, 
18 (shown above) plus sizes 10, 15, and 20. 


These units constructed to meet the latest applicable MIL specifications covering 
extreme environmental conditions incorporate the design objectives of light 
weight, high performance, and reliability at reasonable cost. 


The high torque-to-inertia characteristic of these servo motor-generators offers 
high acceleration and immediate accurate response to error signals. 


MOTOR CHARACTERISTICS 

Input: 18V 400 cps 4.7 watts 
per phase 

Torque at Stall: 0.42 oz. in. 

No Load Speed: 6200 rpm 

Power Factor: 0.875 

Theoretical Acceleration at 
Stall: 39000 rad/sec* 


GENERATOR CHARACTERISTICS IZ 
Input: 18V 400 cps, 1.65 watts .D. 
Voltage gradient per 1000 RPM: 

0.27V 


Temperature range: —55°C. to 
+150°C. 


Null Voltage (max): 0.015V rms 
Phase shift: within 10° of Reference 


Design characteristics of IMC’s Size 8 to Size 20 series of servo motors and servo motor-generators, as 

well as full technical data on IMC DC motors and dynamotors; axial, vaneaxial, and centrifugal blowers; 

hysteresis and torque motors; synchros and solenoids, can be obtained by writing on company letterhead 

to IMC's Sales Engineering Dept. All IMC components can be designed to your particular requirements 
with the same precision and accuracy. 


te 
+4 =—=—_—_ —_——_~ 
i ry Magnetics Corp.=_> 
erly: Induction Motors Corp. 
570 MAIN STREET/WESTBURY, L.I., N.Y. /EDGEWOOD 4-7070 . 6058 WALKER AVE./MAYWOOD/CALIF. 
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(CtE, April 58, p. 42) against several 
major electronics companies for a 
contract to devise an advanced defense 
anti-missile system for the Air Force. 
Other members of the team: Olin 
Mathieson, Bausch & Lomb, and 
United Shoe Machinery. 

Lockheed, one of the nation’s top 
4> industrial firms, had 1958 sales of 
$962,679,000, nearly a third in mis 
siles and space vehicles. It employs 
56,500, has plants in nine states and 
Mexico and Japan. 


Schlumberger, Inc., Acquires 
Mid-Century Instrumatic 


Shortly after stockholders approved 
a change in its name, from Mid-Cen- 
tury Instrumatic Corp. to Computer 
Systems, Inc., this analog computer 
maker transferred 80 percent of its 
stock to Schlumberger, Inc. The new 
association bodes well for both com- 
panies. For Schlumberger, it means 
the addition of a new facility that had 
done exceedingly well since it was 
formed in 1950 (gross annual sales at 
present: $1 million) in the field of 
analog computers and_ simulators, 
and computer accessories; and for 
Computer Systems, it means an invest- 
ment, by Schlumberger, of more than 
$3 million to improve production, in- 
crease personnel, and further work in 
R&D. 

One of Computer Systems’ latest 
developments, an analog computer 
facility for making research studies at 
an oil refinery, was described briefly 
two months ago (CtE, May, p. 205). 


New Companies in the Field 


Computer Sciences Corp., formed 
by a number of authorities in auto- 
matic programming to assist computer 
users and manufacturers in making 
feasibility studies and doing both ap- 
plications programming and problem 
analysis for scientific and data-proc- 
essing work—in Los Angeles. The firm 
is already at work on its first job: de- 
velopment of a business-data compiler 
for Minneapolis-Honeywell, to be used 
with the new Honeywell 800 system. 
Among the officers are Fletcher Jones, 
formerly general supervisor of inte- 
grated data processing at North Amer- 
ican Aviation’s Columbus Div., presi- 
dent; Roy Nutt, formerly head of 
automatic programming at United 
Aircraft Corp., design and ene f 
ment director; and Robert L. Patrick, 
formerly with Corp. for Economic & 
Industrial Research, director of appli- 





Now there are 
Photoelectrically with a Gurley Encoder 


i ways to read angles... 


# Optically with a Gurley UNNISGC® 














| 
Angles may now be read photoelectrically with 
the Gurley Precision Shaft Position Encoder. 


The information can be transmitted anywhere, 
in digital form. 


Write for Bulletin 8600. 


W. & L. E. GURLEY, 537 FULTON STREET, TROY, NEW YORK 
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New RETARDED BIT RATE UNIT 


provides simultaneous indexing of magnetic 


tape with any type data acquisition equipment 
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Retarded Bit Rate Unit, 
Model 220. Bit rate division and timing 
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word rate division are set by front panel switches to 
correspond to speed of oscillograph, Size: 5%4”"H x 19”W x 16”D. 


The Retarded Bit Rate Unit, Model 220, when used with the Hermes 
Digital Timing Generator, Model 201, or Airborne Digital Timing Generator, | 
Model 206A, provides a universal timing system with format signals suitable | 
for recording on magnetic tape, slow or high speed oscillographs, recording 
cameras, strip chart recorders, etc. During the periods of data reduction the 
Model 220 is used with the Hermes Model 202 Magnetic Tape Search Unit 
for re-recording the true signal from magnetic tape to oscillographs. The 
Model 220 is also available packed in a ¥% ATR Box for airborne applications, 





Gor Data Recording 
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The Digital Timing Generator, Model 201, 
supplies a tone burst binary coded decimal 
signal for recording on one channel of a 
multichannel tape recorder. The Model 220 
receives the “1” and “0” control signals from 
the Model 201 and converts this to a pulse 
width and pulse height binary coded decimal 
signal for recording on oscillographs or other 
data recording equipment. 


we 
osc 


The Retarded Bit Rate Unit, Model 220, re- 
ceives the tone burst binary coded decimal 
signal from the tape through the Magnetic 
Tape Search Unit, Model 202, and converts 
this to a pulse width and pulse height timing 
signal which is re-recorded on the oscillo- 
graph. The bit rate and word rate are adjusted 
to conform with the speed of the oscillograph 
regardless of the speed of the tape transport. 


Write for Technical Bulletin 220 


The new name for HYCON EASTERN, INC. is 
Hermes Electronies Co. 





75 Cambridge Parkway 


E 


Dept. J * Cambridge 42, Massachusetts 
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WHAT’S NEW 


cations programming. Nutt is widely 
known for his development of the 
Share Assembly Program programming 
language for large-scale computers. 

S-F-D Laboratories, Inc., a new 
R&D subsidiary of Varian Associates, 
Inc., headed by three former Bell Lab- 
oratories scientists—in northern New 
Jersey. Joseph A. Saloom, president of 
the new company, was responsible for 
all microwave tube work at the Bell 
branch labs in Laureldale, Pa.; Joseph 
Feinstein, executive vice-president and 
director of research, worked on crossed- 
field amplifiers and magnetrons, and 
did research in plasma and solid-state 
physics for Bell; and Jerome Drexler, 
the new firm’s vice-president and di- 
rector of engineering, headed a devel- 
opment group in crossed-field devices. 
Robert Angle and William C. Sylver- 
nal share R&D responsibility in me- 
chanical engineering. 

Microwave Electronics Corp., to do 
research in, develop, and manufacture 
microwave electronic devices, initially 
traveling-wave amplifiers and back- 
ward-wave oscillators—in Palo Alto, 
Calif. Longer-range plans include a 
proprietary line of tubes covering a 
broad frequency range. President is 
Stanley F. Kaisel, formerly manager 
of engineering for Litton Industries’ 
Electron Tube Div. 

Flow Measurements Corp., to man- 
ufacture thermal and ultrasonic flow 
meters—in Kensington, Md. In charge 
of the development program for the 
new firm, which is closely associated 
with Weinschel Engineering, elec- 
tronic testing equipment maker of 
Kensington, is Don R. Pardue. He 
has been with Weinschel since 1958. 


Now It’s—— 


Aerospace Industries Association of 
America, Inc., formerly Aircraft Indus- 
tries Association of America, Inc., of 
Los Angeles and Washington, D. C. 

CompuDyne Corp., formerly CDC 
Control Services, Inc., of Hatboro, Pa., 
the change made to more fully show 
an interest in the concept that in- 
tegrates computer techniques and 
electronic control instrumentation to 
simulate dynamic conditions and auto- 
matically regulate process variables. 

Raytheon Co., formerly Raytheon 
Mfg. Co., the change made to reflect 
a broader engineering scope. This is 
Raytheon’s second name change; its 
first name, in effect up until 1925, was 
American Appliance Co. 

IMC Magnetics Corp., formerly In- 
duction Motors Corp. of Westbury, 
N. Y., the change made to indicate 
IMC’s growth and diversification. Just 





S-C 2000 


BRIGHT DISPLAYS FOR CONSOLE 
OR LARGE SCREEN PROJECTION 


Bright, fail-safe, flicker-free display of alpha- 
numeric, symbolic and graphic data at high 
speed . . . simultaneously with PPI-type radar 
presentations . . . is now provided by S-C 2000 
Bright Displays. Displayed data may be viewed 
in normal ambient light directly on the screen of 
the S-C 2000 console, or may be projected for 
group viewing on a large theatre-type screen. 
For air traffic control and military applications, 
maps may be displayed concurrently with radar 
targets and their identifying symbols, assisting 
the operator in geographic orientation. The fail- 
safe feature of S-C 2000 Bright Displays results 
from use of the xerographic process which allows 
the last frame displayed to be retained perman- 
ently, even in event of complete power failure. 
Send for more complete information concerning 
S-C 2000 Bright Displays. Ask for Bulletin 7-C, 
Write today: Stromberg-Carlson — San Diego, 
1895 Hancock Street, San Diego 12, California. 


GENERAL DYNAMICS 
STROMBERG-CARLSON DIVISION 
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Trex EP 


CONTROL 


How big is a dropout? 


A dropout can be measured more than one way. 
Physically, the surface imperfection that causes a 
dropout is microscopic — often quite invisible to the 
naked eye. Financially, though, this molehill can 


become a mountain—may cost you thousands of | 


dollars from a single error. 


That’s why our customers invariably demand per- | 


fection from our EP Audiotape, the extra precision 


magnetic recording tape. They just can’t afford 


dropouts. 


Audio Devices’ battery of Automatic Certifiers | 


is one of the unique means used to make sure EP 
Audiotape always meets customer specifications. 


The Automatic Certifier records and plays back | 
every inch of the EP Audiotape under test. These | 


tests can be so demanding that if the tape fails to 
reproduce just one test pulse out of the 40 million 
put on a single reel, the entire reel is rejected. 
There are no ifs, ands, or buts. 

This is one of many special quality-control opera- 
tions to which EP Audiotape is subjected. From raw 
material to hermetically sealed containers, every 
reel gets individual attention. 

EP Audiotape quality is so well verified by instru- 
ments like the Automatic Certifier that every reel 
is guaranteed to be defect-free! For more informa- 
tion write for free Bulletin T112A. Write Dept. TC, 
Audio Devices, Inc., 444 Madison Avenue, New 
York 22, N. Y. 


TRADE MARK 


AUDIO DEVICES, INC. 

444 Madison Ave., N. Y. 22, N. Y. 

in Hollywood: 840 N. Fairfax Ave. 

In Chicago: 5428 Milwaukee Ave. 

Export Dept.: 13 East 40th St., N. Y., 16 
Rectifier Division: 620 E. Dyer Rd., Santa Ana, Calif. 
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before it changed its name, the com- 
pany made its latest acquisition: 
Mason Electric Corp. of Los Angeles, 
producer of aircraft and heavy-duty 
rotary switches. 


IMPORTANT MOVES 
BY KEY PEOPLE 


George Downsbrough Is 
the New President of SAMA 


Scientific Apparatus Makers Associa- 
tion has elected George A. Downs- 
brough, president of Boonton Radio 
Corp., president, succeeding Richard 
E. Welch, vice-president of W. M. 
Welch Mfg. Co., Chicago, who has 
held the post for the past two years. 
A former director at large of SAMA 
and a past-chairman of its Industrial 
Instrument Section, Downsbrough 
joined Boonton in 1942, became presi- 
dent and treasurer in 1952. The elec- 
tion was held at the 41st annual meet- 
ing of SAMA, at White Sulphur 
Springs, W. Va. 


Associate Professorships 
for Lefkowitz, Mergler 


Among those advanced in a series of 
faculty promotions at Case Institute 
recently were Irving Lefkowitz and 
Harry W. Mergler, both appointed 
associate professors of mechanical en- 
gineering. Lefkowitz, the subject of a 
CtE Control Personality sketch in 
June 1958 (page 17), joined the Case 
faculty in 1953 as a research associate, 
received his PhD degree there in 1958. 
This summer, he and Case’s Prof. 
Donald P. Eckman will direct a short 
course in dynamic analysis for chem- 
ical engineering teachers, sponsored 
by Foundation for Instrumentation 
Education & Research and the Process 
Control Subcommittee of AIChE. 

Mergler, a consulting editor of CtE, 
is another one of its “personalities” 
(Sept. ’58, p. 23). He, too, holds a 
PhD degree from Case; he became a 
member of the faculty in 1956. This 
July he will conduct a 10-day short 
course at Case in numerical feedback 
control, his specialty. 

A full professorship was conferred 
on John R. Martin, whose area is elec- 
trical engineering. He joined the Case 
Faculty as an instructor in 1920. 


Dufford to Direct Work 
with Clients of Genesys 
Donald E.. Dufford has been named 


head of applications engineering at 
(Continued on page 176) 





A NEW DIMENSION IN DIGITAL “READOUT”... 
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THE 
INSTRUMENT 
THAT READS 
ITSELF! 


THE CUBIC 


TALKING METER 


A world of exciting applications with a dimension 
never before engineered into precision digital instrumentation: 


A METER THAT TALKS! 

Y Where physical set-up factors prevent line-of-sight meter readings 
Y Where safety requires that the eyes stay on the work area 

Y Where voice ‘‘readout”’ creates previously unknown convenience 
Y Where acombination of sight and sound gives impression impact 


Instrumentation with two sensory dimensions. . . 
an edge-lighted digital readout 
and a clear human voice! 


Conversion of any phenomenon of science toa Vocameter—the Talking Meter—is the newest 

DC voltage . . . pressure, temperature,depth, addition to Cubic Corporation's line of quality 

volume, salinity, countless weights and mea- Digital instruments. Write today for information 

sures ... provides a typical application for the about the Talking Meter and these other pre- 

Cubic Talking Meter, the instrument that reads _ cision instruments: Voltmeters, AC Converters, 

itself! . Ohmmeters, Scanners, Ratiometers, Printer 
Controls, Preamplifiers. 


BIC CORPORATION 


5575 Kearny Villa Road, San Diego 11, California 
Electronic Engineering With a Dimension for the Future 
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testing or monitoring... 


YO U Cc A N All Brush Recording Systems reflect advanced 


concepts in design that mean exceptional versatility, 
accuracy and reliability in your data 


R e C O aa D collecting operations. 


Your most exacting requirements can be met by 
these direct writing systems whether military or 
FR = 6S U LTS industrial. They display information instantly— give 
you precise data for quick decisions. You control 
the data you need, exclude the extraneous, and have 
B ETT E R optimum flexibility for future applications not 
yet contemplated. 


W i T Re Widest choice of equipment in the industry. Ink, 


electric or thermal writing . . . curvilinear or rectilinear 
readout . . . horizontal or vertical presentation 

rs = U hon ri ... Chart speeds from 10 inches/day to 4 feet/second . . . 
complete selection of amplifiers . . . rack mounted, 
bench top or portable configurations. 


A pioneer in instrumentation since 1930, Brush has 
always built for ruggedness and precision. 

Installations are right. Operating manuals contain 
clearly written instructions. Your personnel are 

trained properly. 

In designing, testing or monitoring you can get 

better results from Brush Ultralinear Recording Systems. 
Let’s talk it over. Set a date. We'll be there. 


Write for free informative 
booklet, “New Concepts in 
Recording.” Contains helpful 
ideas and suggestions. 


INSTRUMENTS Factory branches, service and warehousing 


Siakion os at Arlington, Va., Boston, Cleveland, Los 


Angeles, San Francisco and Seattle; engi- 
37TH ANDO PERKIN ITE $x ; 
. * cLeerre CLAVE NS Ne neering representatives in all key iocations. 





PRECISION GYROS 


A Proven Kearfott Capability. The increasing use of Kearfott gyros and gyro platforms 
in today’s missile programs, underscores the company’s leadership in gyro design and production. 
Such missile projects as the Atlas, Bomarc, Polaris, Snark, Subroc and Talos rely on Kearfott 
gyros or gyro platforms, as do the majority of manned aircraft now in service. 





FLOATED RATE INTEGRATING 
GYROS. High accuracy miniature 
gyros specifically designed for missile 

The performance characteristics 
of these gyros are superior to any 
comparably-sized units available to- 
day. Hermetically sealed within a 
thermal jacket and ruggedly designed 
for adaptability to production meth- 
ods. These gyros operate efficiently at 
unlimited altitudes. More precise per- 
formance characteristics can be pro- 
vided in the same dimensions. 


TYPICAL CHARACTERISTICS 


Mass Unbalance: Damping: 
Along Input Axis: 1.0°/hr Ratio of input angle to 
; a awe output angle is 0.2 
tandar viation (short term): eet P 
Azimuth Position: 0.05°/hr Cre see 
Vertical Position: 0.03°/hr ian an 
a Rate Due to 80 Weight: 0.7 Ibs. 
nisoelasticity: Steady Warm-up Time: 
Acceleration: .015°/hr./g? Shae _ 60° 
maximum 10 minutes from—60°F 
Vinmeey Acceleration: Life: f 
°/hr./g® maximum 1000 hours minimum 





VERTICAL GYROS. Provide accu- 
rate vertical reference in the form of 
two 400 cps synchro signals propor- 
tional to the sine of gimbals’ dis- 
placement about pitch and roll axes. 
Gravity-sensitive vertical reference de- 
vice provides electrical signals directly 
to torque motors which maintain gyro 
spin axis perpendicular to earth's sur- 
face. Hermetically sealed, they are un- 
affected by sand, dust, sun, rain, salt 
spray, humidity or fungus conditions 
as specified in MIL-E-5272A. 


TYPICAL CHARACTERISTICS 


Repeatability to Established Vertical: To within a cone 
of half angle equal to 15 minutes of arc (+ 8 minutes 
typical). 

Free Drift Rate in 5 minutes Time: 2.5° maximum at 
room temperature. 3.75° at —54°C and + 71°C. 

Erection Rate: 2.5°/Min. 

Initial Erection: The gyro will erect to within + 1° of 
established vertical in 60 seconds time after application 
of power at room temperature . 

Vibration and Shock: The gyro will meet above char- 
acteristics after vibration of 0.060” total excursion 
cycling between 10 CPS and 55 CPS for 4.5 hours. Shock 
test in accordance with MIL-E-5272A Procedure 2. 

Operating Life: 1000 hours minimum. 





FREE GYROS. lrovide extremely ac- 
curate reference in the form of elec- 
trical output signals proportional to 
displacements about outer axes. With 
360° of freedom about outer axes 
(inner axis freedom depends on the 
unit involved), these gyros may be 
mounted to give output signals of 
either pitch, roll or yaw. Shock and 
vibration resistant, they are equipped 
with quick-starting motors for appli- 
cations in high performance missiles 


TYPICAL CHARACTERISTICS 


Free Drift Rate: Within 0.5° in one minute time. 

Shock: The gyro operates satisfactorily without damage after 
60g shock of .015 seconds duration. 

Hermetically Sealed: These instruments are hermetically 
sealed and are not affected by sand, dust, sunshine, rain, 
humidity or fungus conditions. 

Operating Temperature Range: Gyros operate in ambient 
temperatures below —20°C to + 100°C. A maximum of 
3. minutes of operation at 400°F will not damage these 
gyros nor impair their accuracy. 

Weight: 5.5 Ibs. approximately. 





and aircraft. 


SPRING RESTRAINED RATE 
GYROS, Almost universally appli- 
cable in missile and aircraft designs 
demanding precise angular rate mea- 
surements in environments of extreme 
shock and vibration. Fluid filling pro- 
vides added immunity to shock and 
vibration, reduces bearing friction in 
AC types and potentiometer wiper 
friction in DC types. Kearfott design 
advances permit 30 second warm-up, 
overcome fluid viscosity variations re- 
sulting from ambient temperature 
change. These gyros are single-degree- 
of-freedom, viscous damped, spring 
restrained, with gimbals supported 


TYPICAL CHARACTERISTICS 


Maximum Rate (°/sec.): 45-1000 

Natural Undamped Frequency (cps) (+ 10%). 16 

mone Ratio (of critical) over Temperature Range: .35 
to .80 

Operating Temperature Range (°F): —65 to +185 

Vibration: 12 g's @ 20-2,000 cps 

Shock (Motor Running): 60 g's for 6.5 
milliseconds 

Warmup Time (Sec.): 30 

Weight (Ibs.) (max): 1.5 

Gyro Time Constant (Sec.): 012 





by precision bearings. Compensatory 

damping mechanisms eliminate need 

for accessory heaters. 

Engineers: Kearfott offers challenging opportunities in 
advanced component and system development 


f | 


Roll Stabilized 3 Gyro—4 Gimbal 25 Pound Inertial 
Directional Gyro Gyro Reference Platform 





A 
GENERAL 
Kearfott PRECISION 


COMPANY 











* 
KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiary of General Precision Equipment Corporation 


Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J 
Midwest Office: 23 W. Calendar Ave., La Grange, II! 
South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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~ TELEMETERING TRANSMITTERS SUB-CARRIER OSCILLATOR. 


FM/FM or PDM/FM Crystal Controlled Model 800C — 1.5” x 1.9” x 2.45” 
215 to 260 Megacycles 
Model 1472 Model 1463 Model 1462 
; wah 


se 
\ 


4” x15" “2.7” 5'%2” K BY g" x 4a” 6” x 4V4” x 3%” 6.5” x 4” x 3.25” RF Amplifier 
2 Watts 15 to 30 Watts 50 to 80 Watts 2 watts in — 100 watts out ab drawn be- 
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TELECHROME 
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Need pushbutton switches? 
Here is a sampling of a very wide choice 


These assemblies are typical of many different 
series of MICRO SWITCH pushbutton switches. 
Each series offers many variations of electrical 
and operating characteristics. 


Operational characteristics include: momentary 
action, lock-down, alternate action, two-posi- 
tion alternate action, and magnetically held. 
Direct control of up to fourteen double-throw 
circuits is offered. Short and long button strokes 
can be provided. Sealed switches are available 
when protection is required from oil, water, 
sand, or salt spray. Special shock and vibration- 
resistant features are built into switches for 


CONTROL ENGINEERING 


rugged duty service. Switches with illuminated 
pushbutton display are available. These include 
switch devices with interchangeable modular 
indicator and pushbutton units. 


Experienced engineering assistance to help 
you select the pushbutton switch best 
suited to your requirements is as near as 
your MICRO SWITCH branch. There is no 
obligation. 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Honeywell 


MICRO SWITCH Precision Switches 
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IMPEDANCE COMPARATOR 


For Testing Components Automatically or Semiautomatically 


TYPE 1605-A 

IMPEDANCE 

COMPARATOR ... 
$790 


Also available, the Type 
1605-AS3, with a 10-to-1 
increase in sensitivity. 
This special design can 
measure impedance dif- 
ferences as small as 
0.001% and phase-angle 
differences of 0.00001 
radian. Price on request. 


* NO MANUAL BALANCING NECESSARY : Impedance-magnitude 
and phase-angle differences between unknown and stand- 
ard are indicated directly on two panel meters. 

* Impedance Ranges: Resistance 22 to 20 MQ; Inductance 
20 uh to 10,000h; Capacitance 40 uuf to 800 uf (to 0.1 uuf 
with reduced sensitivity). 

* Full-Scale Meter Ranges: 

Impedance-Magnitude Difference: +0.3%, +1%, +3%, 
+10% 

Phase-Angle Difference in Radians: 
+0.03, +0.1 


* Accuracy is 3% of full scale (+0.009% on smallest range) 


+0.003, +0.01, 





G-R Impedance Comparator is the heart of a highly-automated system de- 
signed under Signal Corps contract by the Inland Testing Laboratories of Morton 
Grove, Illinois. This system measures and records in sequence insulation re- 
sistance, capacitance, and power factor of 12,000 capacitors of several different 
values. All three parameters for each capacitor are measured without need of 
resetting controls. 

Comparator metering voltages are fed into a digital voltmeter and converted 
into digital form for IBM-card recording. The program will provide detailed in- 
formation concerning reliability and life cycles of capacitors operating under 
various voltages and environmental conditions. 


GENERAL RADIO COMPANY 


* 100c, 1 kc, 10 kc, 100 ke internal test frequencies. 

* D-C voltages proportional to percentage deviation from 
standard are provided for control of automated sorting 
systems. 

* Excellent guard circuitry permits long cable runs for remote 
measurements. 

* No excess switches or complex controls. 

** Constructed for reliable service, long life. 

%* May be rack or bench mounted. 


Centralab uses G-R Impedance Comparators in production testing micro- 
miniature ceramic-disc and feed-thru capacitors produced at their Milwaukee 
Plant. The speed and ease with which the Comparator makes these measure- 
ments permits Centralab to maintain continuous quality-control checks without 
adding significant manufacturing time or cost to their product. 


WEST CONCORD, MASSACHUSETTS Precision Capacitor 





NEW YORK AREA CHICAGO 
Brood Ave. atlinden 6605 W. North Ave 
Ridgefield, N. J Ook Pork @ 
N.Y. WOrth 4-2722 Village 8-9400 

N. J, WHitney 3-3140 


To Ou? Now Plant and Main Offices 


PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO 
1150 York Rd 
Abington, Po 

HAncock 4.7419 


LOS ANGELES 
1000 N. Sewerd S 
Los Angeles 36, Co! 
HOllywood 9-620! 


IN CANADA 
99 Floral Phwy. 
Terente 15, Ontorie 
Cherry 6-2171 


8055 Thirteenth St 
Silver Spring, Md 
Wonipert 5-1088 


1182 Los Altos Ave 
Los Altos, Cot 
Whitecliff 8-6233 


1919 
First Worm: Driven 
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FOR CLOSED-LOOP CONTROL 


AND AUTOMATIC DATA REDUCTION 








He RW-300 


DIGITAL CONTROL COMPUTER 


OPERATING SYSTEMS incorporating the 
RW-300 for on-line control and data reduc- 
tion are demonstrating these tangible bene- 
fits: reduced costs, increased output, 
improved quality. 


HIGH RELIABILITY, inherent in the 
advanced design of the RW-300, is being 
proven by thousands of hours of depend- 
able operation. 


SYSTEMS ENGINEERING staff, experi- 
enced in the analysis of complex control 
and data reduction problems, is assisting 


THE THOMPSON-RAMO-WOCLDRIDGE PRODUCTS COMPANY 


industry with applications of the RW-300 
in chemical, petroleum, steel, cement, elec- 
tric power, and other fields. 
NATION-WIDE SERVICE organization 
is providing skilled maintenance for this 
completely developed, production engi- 
neered, and thoroughly tested piece of 
industrial equipment. 


For further information, call or write: 
Director of Marketing, The Thompson- 
Ramo-Wooldridge Products Company, P.O. 
Box 90067 Airport Station, Los Angeles 45, 
California, OSborne 5-4601. 


a division of Thompson Ramo Wooldridge Inc. 
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PETROCHEMICAL 


Omnigvard indicating pane! is easily adapted 
to miniaturized instrument panel installations 
for central control. 


Ai OM ERTS INH 





THOMAS A. 


EDISON 


omniguard system 
provides reliable, flexible 
temperature monitoring 

for oil, gas and 
petrochemical industries 


Throughout your process, wherever temperature is critical, the Edison 
Omniguard system can protect vital equipment and output quality. It is the 
simplest and most flexible temperature monitoring system devised. 

Plug-in detector units may be installed at key points throughout the process. 
They can be added or switched without disturbing the system. Typical 
detector locations include motor and motor bearings in shipping pumps, 
compressors and generating stations. Individual alarm settings on each point 
can be changed at any time without special tools. 

Indicating panel can be located in central control room, for complete 
overall process monitoring by a single individual. Alarm system positively 
identifies trouble point. 

The complete system is designed for utmost reliability. There are no ON eompeny power plant cess Edhen Gunlgverd 
moving parts, nothing to wear out. system to protect generating equipment 
Edison engineers will be happy to provide assistance in designing the most Wom overheating. 

efficient system to meet your requirements. 


Detectors provide continuous temperature 
monitoring of drive motors for shipping pumps. 


Omniguard system protects this bank of 
compressors installed at a natural gas cycling plant. 


For additional information write for publication 3036-C. 


Thomas A. Edison Industries 
INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
EDISON ENGINEERING OFFICES ARE LOCATED IN: WASHINGTON—BALTIMORE; CHICAGO: DALLAS; DAYTON: LOS ANGELES 
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WHY (gfe% MEANS HIGH ACCURACY 


For Missile Guidance Systems ... Highly Accurate | © “#librated to near 0° phase angles. 
® Constant output from —55°C to +150°C. 


@ Manufactured from alloys with extremely low 
temperature coefficients. 


@ Mass produced under exceptionally rigid 
quality control. 


Precision Motor Tach Generators Utilizing Thermister Networks for 
Temperature Compensation. 


One reason why Oster units have high accuracy 





DNISILHIAGY INMOUSG WOLHNE 





temperature compensated .to 5 to +150°C. Also tests 


iT; F-¥r- MJ ol 1-10 Loren Ui e-(on\me) mmm OR b-wan g-lal-aieleaat-bdlelam-lerelvig-len' mes mm!) 0)| 


yur exacting space age requirements, specify r motor tach generator 


New 16-page MOTOR TACH GENERATOR CATALOG No. 6000. 
Lists 20 basic types for military, scientific and industrial applications. 
Request your free copy today — on company letterhead, please. 


se sepa co. 
f } pment Spe al 
| go Avionic Division 





EASTERN 310 Northern Bivd. «+ Great Neck, Long Island, New York WESTERN 5333 South Sepulveda Bivd. 


. Culver City, California 
OFFICE Phone: HUnter 7-9030 + TWX Great Neck N.Y. 2980 


OFFICE Phone: EXmont 1-5742 + TExas 0-1194 *» TWX S. Mon. 7671 


Interesting, varied work on designing transistor circuits: 
Tc reere For Advanced Projects: | and servo mechanisms. 


conte. ge Robert Burns, Personnel Manager, i in n confidence. 
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A five-foot 


bookshelf is a 10-minute task 


for this AMPEX FR-300 digital tape handler 


Yes, the Ampex FR-300 could easily ‘‘read’’ or ‘‘write’’ the 
digitalized equivalent of a five-foot bookshelf in less than ten 
minutes. Why is this important? Because today’s big computers 
accept and present large quantities of data in a hurry. Their 
time may be worth as much as $1000 per hour. Keeping one wait- 
ing for data is expensive. 


As the fastest available magnetic tape handler for ‘‘on-line’’ 
duty with these machines, the FR-300 maximizes utilization of 
high-speed digital computers. By placing two 6-bit alpha-numeric 
characters side by side on one-inch tape at 150 ips and 300 bits 
per inch, it achieves 90,000 character-per-second transfer rates. 


Short, predictable start/stop times reduce buffer requirements 
and Ampex dependability further increases computer efficiency. 


First in magnetic tape instrumentation 


Ampex offers digital systems complete from head to tape (the 
sensational new Ampex Computer Tape, by the way) because a 
system designed as an integrated whole will out-perform those 
built from tape transports, magnetic heads, amplifiers and tape 
secured from a variety of different suppliers. 


For lesser computers and ‘‘off-line’’ duty on such auxiliary digi- 
tal equipment as converters, data plotters, printers, etc., the 
FR-400 and FR-200A tape handlers (not shown) provide a wide 
wide range of lower transfer rates. And in the background above 
are two fine analog recorders, the FR-100A and FR-1100, to re- 
mind you that only Ampex offers such a broad line of fixed an2 
mobile recorders for instrumentation and control. 


A folder on the FR-300 is available if you would like one. 


AMPEX INSTRUMENTATION DIVISION 
934 Charter Street, Redwood City, California 
Offices in USA and Canada. Engineering representatives cover the world. 
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Now we’re protecting ourselves... 
and our customers... with 


FACTS-IN-FIGURES” 


When you build-in Veeder-Root 
Counters as standard parts of your 
product, here are some of the 
advantages you gain for yourself and 
your customers: 
e Accurate, up-to-the-minute 
production records 
Proof of your product’s service 
guarantee 
A new and powerful selling feature 
Customers can see when 
maintenance is due 
Performance claims are settled 
more easily 
Extra profits in resale of VR 
Counters 
Veeder-Root name is added evidence 
of your product’s top quality. 
Customers are freed from guesswork 
See Veeder-Root Counters at the 
Design Engineering Show 
Booth 1529 





You always Know the score’ when you count on Veeder-Root! 
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f 1500 rpm . . . will accept momentary speeds 
2 p up to 2500 rpm. 3, 4, 5 or 6 figures. Non-reset. 
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? On #1370 High Speed Counters are rated at 
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i ame LD Send for new Condensed Catalog. 
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Veeder-Root .... 
Everyone can Count on Hartford 2, Connecticut 


Hartford, Conn. ¢ Greenville, S.C. * Altoona, Pa. * Chicago 
New York « Los Angeles * San Francisco * Montreal 
® Offices and Agents in Principal Cities 
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now full-scale control 


First with a fully operating computer-controlled pilot plant, Consolidated 
Systems now offers automatic control from the first order closed loop to 
full-scale automation in refineries, chemical plants, and pipe lines. Adapta- 
tion of “Microplant” unattended pilot plant equipment and philosophies to 
other problems... tieing toget er analytical equipment, control equipment, 
and computer systems ...can“B@ accomplished now through the unique 
experience and capabilities of Comsolidated. For full information, write for 
Bulletin CEC 3019-X3. = 


CONSOLIDATED SYSTEMS | \\. { CORPORATION 


_ ° — . ' 
1500 S. Shamrock, Monrovia, California 4 | A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS 
be ’ 
¥ ¥ , 


The Microplant, an automatic, unattended 
pilot plant for process data, includes 
utilities, reactor, and distillation. 
Instrumentation includes digital computer, 
digital programmer, logger, 


scanner, product-composition 
analyzers, controllers, 
and graphic panel. 
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EAI PACE Computers Put Central Control At Your Fingertips SOLUTIONS COME 
FASTER, EASIER 
WHEN YOU SIT 
IN THIS CHAIR 


You can expect, (and be sure you’ll get) the 
utmost in working accuracy and fine 
construction from every PACE computer. It’s 
simple, we build more in — you get more out. 
But you will have to actually sit at the console to 
appreciate some of its very finest points. 


Take our control panel for instance. Every 
important control is within easy reach 

from a sitting position. Including all coefficient 
potentiometers. Quick adjustments are 

easy, and the panels are sloped for restful 
operation through the very longest day. 


Examine the patch panel. Modular grouping of 
components reduces patching time to one 
third that of other systems. Keeps cords short, 
eliminates tangle and clutter. And for 
legibility it is the model of the industry. 


The completely electronic Digital Voltmeter 
reduces by two thirds the time needed for 
setting coefficient potentiometers. Presents the 
component address immediately too. 

No guesswork needed here. 


Within easy view, central overload indicators 
tell visibly and audibly when improper 
operation of any component occurs including 
non-linear equipment. 


Words could describe the fully Automatic 
Scanning of all components recorded by 

the High Speed Printer at 200 lines a minute. 
And the merits of Extended Read-out which 
allows you to select any component in the system 
for read-out by merely touching a button. 

But we think you should see this in action. 


These are the subtle refinements developed 
in years of designing, building and 
operating more general purpose analog 
computers than all other computer 
manufacturers combined. We call it 
Human Engineering. Again, you 

will have to see for yourself. We will 

be glad to arrange a demonstration 

or send you literature. 

Write today! 





fos ELECTRONIC ASSOCIATES INC. 
DrecoybovaTed 


LONG BRANCH, NEW JERSEY 
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INDUSTRY’S PULSE 


The European Common Market: 


Its Impact on Control 


Mass 
Market 


After only six months of operations, it’s 
too early to measure the total impact of the 
recently formed European Common Mar- 
ket, an economic union of France, West 
Germany, Italy, Belgium, The Netherlands, 
and Luxembourg. But one fact shapes up: 
control makers in countries outside the 
market face an eventual freezout. 

The European Economic Community, 
officially formed on Jan. 1, 1959, has two 
basic objectives: to abolish all tariffs between 
its members and to maintain a common 
tariff wall against imports from outside the 
economic bloc. Just what this means in terms 
of trade increases can be seen by looking 
at a predecessor group, the European Coal 
and Steel Community, formed in 1952. An 
experimental reduction of tariffs on coal, 
iron ore, and steel boosted steel tonnage 
traded between the six member countries by 
169 percent, increased trade in coal tonnage 
by 42 percent. It was so successful that the 
idea was extended to a common market. 


Long-term expectation is that the com- 
mon market will replace the individual ex- 
isting markets—the biggest covers 52 million 
people—with a combined market of 165 
million people, so that American mass pro- 
duction techniques might be applicable in 
Europe for the first time. To achieve this, 
member countries will eliminate tariffs be- 
tween themselves over the next 15 years. 

The first half of this period has been 
divided into three steps: one, two and a 
half, and four years. In the first year, cus- 
toms duties between members of the com- 
mon market will be reduced by 10 percent. 
Reductions of at least 5 percent will be made 
in the next steps. At the start of the second 
seve.i-and-a-half-year period, the members 
will work out a timetable to reduce all 
remaining tariffs to zero. 


Common import tariff to be imposed 
upon outsiders interested in selling to com- 
mon-market members will be the arithmetic 
mean of the duties in effect between mem- 
bers on Jan. 1, 1957. For instruments and 
control equipment, such tariffs varied from 
a low 8 percent in Germany, through 10 
percent in the Benelux countries and 15 to 
25 percent in Italy, to France’s high tariff 
of 20 to 25 percent. Although the final 
tariff rate is not yet settled, experts estimate 
that the final import tax on instrument 
and control equipment will be close to 
15.25 percent. 

Member countries plan to introduce this 
tax on a similar timetable. The schedule 


calls for a 30-percent reduction in the differ- 
ence between the common tariff and pres- 
ent tariffs in the first year; and a 30 percent 
reduction of the remainder in the next two 
and a half years. 


But the scope of the common market 
embraces more than just the abolition of 
tariffs among its members. Included in its 
long-term objectives are some significant 
sociological changes, such as free interchange 
of labor, pooling of resources to help under- 
developed countries, and a common nuclear 
power plant. 

1958 trading figures for the common- 
market bloc showed that it is primarily an 
exporter of instruments and control equip- 
ment. According to the Office of European 
Economic Community, exports of instru- 
mentation and control of the six-member 
countries totaled $152 million in 1958; im- 
ports added up to only $52 million (p. 77). 

To countries on the outside, however, the 

common market bloc is causing much anx- 
iety. These outsiders see the ultimate loss 
of a young growing outlet for instrumen- 
tation. The big problem: how to cut prod- 
uct prices so that they will be competitive 
with import-free instruments manufactured 
inside the common market. Here’s how 
countries inside and outside the bloc view 
implications of the newly operative eco- 
nomic community: 
Germany: Already a major supplier to other 
common market countries, German makers 
expect their share of the business to in- 
crease. But most people don’t look for sharp 
increases right away. Said an AEG spokes- 
man, “Trade between common-market 
countries will undoubtedly increase, but 
national preferences will continue for some 
years.” 

Enthusiasm for the common market is 
not overly strong in West Germany. For 
one thing, that country’s growth in instru- 
mentation and control business has been 
phenomenal: a 64-percent increase in the 
last three years. Some Germans feel that 
their country could continue to do well 
without the common bloc; still they are glad 
of another opportunity to make European 
trade grow. 

German membership in the market will 
have more influence on outsiders. With 
low tariffs (some down to 6 percent) and no 
import quotas, Germany imported a con- 
siderable volume of instrumentation, pri- 
marily from the U.S. Now, the higher 
common-market tariffs will be imposed on 
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PRECISION COMPUTING RESOLVERS 


for 
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SIZE 8 FEEDBACK WINDING RESOLVERS 


These resolvers are designed for 
use with transistorized amplifiers 
and permit the solution of spheri- 
cal triangles in a size 8 cascaded 


cal characteristics: Input voltage 
15v400~ (stator); output voltage 
13.7v (rotor); phase shift (stator 
as primary) 20.5°; output voltage 


13.7v (compensator); Zro 234 + 
j596; Zso 244 + j548; Zcompensa- 
tor 237 + j553; max. null voltage 
1 mv/v. 





resolver chain. 

Functions of the spherical tri- 
angle which can be produced are 
indicated in the schematic below. 
More complex trigonometric func- 
tions, as well as systems involving 
coordinate axis transformation, can 
be generated with the use of these 
resolvers. 

Accuracy: Functional error .1% 
or less; winding perp. +5’. Electri- 





X = RANGE 





LONG a-LONG D=AA 


COSX SIN X- 
SiN X COS X 


LAW OF COSINES 
See COS X=COS D cos a + 


sin © siNnx COSe-sind 
SNAA COS @=O0 


©= BEARING 


LAW OF SINES 
sinb sin AA= 
sinx sine 





SIZE 11 AMPLIFIERLESS RESOLVER 
FOR ANGULAR DATA TRANSMISSION 


These size 11 resolvers incorporate an -integral 
transformer which simulates a resolver function 
at maximum coupling. They are used in the typical 
chain application indicated below for angular data 
transmission. In this particular application, the 
output information can be servoed at either end 
of the chain. 

Quick disconnect allows ease in harnessing. 

Accuracy: +5° of arc or less; winding perp. 
+5’. Electrical characteristics: Input to EITHER 
rotor or stator. Input voltage 115v1600~; output 
voltage 110v both stator and rotor as primary; 


phase shift (stator = +s =] 
M4 E.| 


primary) 1.1°; phase 
io (TUS) 
R R24 $34 sil 


shift (rotor primary) {*3 
Re 
| a 


1.9°; Zso (nom.) 
So | 
se a, 3 a4 





990 + j13500; Zro 
(nom.) 1150 + 


SIZE 11 RESOLVER TRIMMED FOR 
ZERO PHASE SHIFT CONTAINS ALL 
COMPENSATION IN 2%” LENGTH 


The YZC-11-E-1 precision 
computing resolver has been 
developed for use in a cas- 
caded, amplifierless resolver 
system at 900~. 

These units have been 
trimmed to provide zero phase 
shift and compensated for 
transformation ratio stability, 
under temperature, when 
working into their iterative 
impedance. 

Accuracy: Functional error 
1% or less; winding perp. 
+5’. Electrical characteris- 
tics: Input voltage (stator) 
40v900 ~; output voltage 
(rotor) 33.2v; phase shift 0; 
max. null voltage 1 mv/v. 

Also ready for delivery is 
an equivalent, compatible 
pancake resolver. By its use, 
differential information from 
an inertial platform may be 
obtained and introduced into 
the system. 


ENGINEERS — Join the leader in the rotating components field. Write David D. Brown, Director of Personnel, Sra N7 | 


si i Be CLIFTON PRECISION PRODUCTS Co., INC. 


Sales Office: 9014 W. Chester Pike, Upper Darby, Pa.—Hilitop 9-1200, TWX Flanders, Pa. 1122—or our Representatives 
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English 
Fears 


goods coming in and, as a clincher, there’s 
now a possibility of import quotas. 
France: Traditionally, French control mak- 
ers have always feared German competition. 
The lowering of French import tariffs on 
German instruments scares some French- 
men, but most are counting on the newly 
dynamic French industry growth (running 
as high as 25 percent a year) to take the 
sting out of German no-tariff competition. 
Outsiders, again, are those most con- 
cerned. France imported over $24 million 
worth of instrumentation, primarily from 
the U.S. and Britain. The common tariff, 
say outsiders, will cause those two countries 
to lose the French market. Experts say that 
imports from America will drop off sharply. 
They feel strongly that, if U.S. manufactur- 
ers do not set up shop within the common 
market area, they will be frozen out. 


Great Britain: As the closest outsider, Great 
Britain feels it has much to lose by the 
common market. Because of fear of a freez- 
out, British control makers are following two 
philosophies: 1) some are setting up manu- 
facturing facilities in the common market 
area, and 2) some are strenuously extending 
markets to Canada so that production can 
be increased sufficiently to cut production 
costs, to make British-made goods competi- 
tive price-wise with common-market-made 
instruments, despite the common tariff. 
The Solartron group of companies, for ex- 


$3.2m 


LUXEMBOURG 


FRANCE 


ample, is following the first philosophy, and 
is doing it in three steps. First, sales outlets 
of associated companies (located in the 
common-market area) are being strength- 
ened. Secondly, manufacturing facilities 
are being established in France, initially for 
the assembly of instruments from imported 
piece parts. Finally, full-stage production 
will be set up, particularly for custom-made 
equipment, for common-market sale. __ 

In addition, the Solartron group is setting 
up an R&D team in Munich, Germany, to 
facilitate a flow of technical innovations 
between Britain and Germany. An export 
agency, which other United Kingdom firms 
can use, will help pour products into the 
common market through Solartron sales 
outlets. 

EMI Electronics is following the second 
approach. It sees drastically increased pro- 
duction and thus lowered manufacturing 
costs as the best way to get their products 
into the common-market area. The in- 
creased production, EMI feels, will come 
from markets in North America, particularly 
Canada. 


United States: U.S. makers seem set to lose 
the most in dollar volume by the common 
market. They have the same problems as 
their British counterparts, as well as two 
additional ones: higher wage rates for labor 
in the U.S. and a tougher (because of 
geographic distances) servicing problem. 
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PHILCO 


LANSDALE TUBE COMPANY DIVISION 
LANSDALE, PENNSYLVANIA 


PHILCO 


Silicon 
Surface Alloy 
Transistors 


For Reliable Performance 
at High Temperatures 


These field proven Philco Silicon Transistors (SAT*) permit complete 
transistorization of military and commercial circuits that are subjected 
to high ambient temperatures . . . with excellent performance at junction 
temperatures ranging from —65° C to +140° C. 

Type 2N495 is a general purpose silicon transistor designed for 
amplifier and oscillator applications at frequencies through 15 mc. 

Type 2N496 is specifically cunieniank ta t high speed switching cir- 
cuits. The frequency at which beta equals unity (fr) is typically 18 mc. 
It gives the designer the advantages of low saturation resistance and low 
voltage operation, at high junction temperatures. 

These units are environmentally tested in 
MIL-T-19500A. 


Complete information will be supplied upon request. Write Lansdale Tube 
Company, Division of Philco Corporation, Lansdale, Pa., Dept. CE-759. 
*Trade Mark Philco Corp. for Surface Alloy Transistor 
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CHARACTERISTICS OF TYPES 2N495 and 2N496 


TYPICAL VALUE 


CHARACTERISTIC CONDITION 


Current Amplification 
Factor, hte 


Factor, hee 
Output Capacitance, 
‘ob 
Maximum Frequency 
of Oscillation, 
fos max. 
Frequency for Beta 
=1, f,* 
Cutoff Current, 


cro OF Igo 


Maximum Power 
Dissipation—150 mw 

*f, (the frequency at which beta is unity) is typically 
85% of the alpha cutoff frequency. 


Maximum Collector Voltage 9 ed Vv 
IN496—10 V 


Immediately available in quantities 1 to 99 from 
your Philco Industrial Semiconductor Distributor 
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JULY 1959 GUEST EDITORIAL: 


Because of the significance of the contzri- 
butions that NEMA’s new Industrial Auto- 
matic Systems Section will make to the 
control field, we have invited H. W. Cory, 
chairman of the section’s scope committee, 
and assistant manager of the Control De 
partment, Allis-Chalmers Mfg. Co., to 
editorialize on the new section this month. 

—Ed. 


New Era Needs NEMA Standards 


Feedback control of the conversion and use of electrical power in industrial 
applications has brought on a new era of industrial control, revealed to users in 
the form of exciting new techniques and apparatus, such as program control, data 
logging, data processing, and computing control. Users recall how the advent 
of the regulated utilization of electrical power in the mid-30’s radically improved 
the productivity of complex manufacturing operations. Anticipating that the 
new-era systems will yield similar increments of improvement, users are demand- 
ing the systems. Makers, naturally delighted to meet the demand, nevertheless 
sense the dangers of supplying the systems without accepted standards of manu- 
facture and performance. Working through their National Electrical Manufactur- 
ers Association (NEMA), ten electrical manufacturers (see page 30 for details) 
have now pooled their systems standardization activities in an Industrial Auto- 
matic Systems Section, created this June by NEMA. 

Standardization in the control field is a perpetual task, for control equip- 
ment develops in never-ending cycles. Over the years NEMA has undertaken the 
task presented by electrical control equipment and has performed outstanding 
service to both maker and user. The diversity of technologies involved in the new- 
era automatic systems set the stage for a new NEMA task of great breadth. The 
diversity of technologies will draw definitions from technical societies such as 
AIEE and IRE and from trade associations such as Electrical Industries Associa- 
tion, Aircraft Industries Association, and the Scientific Apparatus Makers Asso- 
ciation. Because automatic systems are composed of combinations of system 
components drawn from the diverse technologies, any new standards must estab- 
lish component compatability. Recent efforts of AIEE, IRE, and ISA to stand- 
ardize ways of testing and describing the static and dynamic characteristics of 
components may help in this part of the task. Standards of system performance, 
required because the components are selected on the bases of function and per- 
formance, depend on the performance requirements of the machinery or opera- 
tion under the control of the automatic system. NEMA’s new section must draw 
such standards from industry. 

The nucleus of ten electrical manufacturers recognizes the magnitude of its 
task. It welcomes the cooperation of technical societies and trade associations and 
it invites the active participation of other manufacturers of automatic systems. 
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Doing Pulsed or “Fast” Circuit Work? 


wYoLtlola-We sce h\Z-WECT-Val-Vael fo) s 


1 cps to 1 MC; 0.02 usec rise time 


@ 211A Square Wave Generator. Versatile, wide range instru- 
ment for testing oscilloscopes, networks, video and audio amplifier 
performance, modulating signal generators, measuring time con- 
stants. Offers simple control of electronic switchers; is also con- 
venient for indicating phase shift, frequency response and transient 
effects. 

Special features include two separate outputs — a 7 volt, 75 
ohm circuit for television work and a 55 volt, 600 ohm output 
for high level work. Both outputs offer full amplitude variation. 
May be operated free-running or externally synchronized with 
positive going pulse or sine wave signal of 5 volts minimum 
amplitude. Compact, weighs only 25 lbs. Cabinet model, $300.00 ; 
rack mount model, $305.00. 


AUIEY- ME CT-Val-Jachiels 


0.07 to 10 usec pulses, 0.02 psec rise time 


@ 212A Pulse Generator. Time saving basic instrument for 
radar, television and other “fast” circuit work, including testing 
rf amplifiers, filters, band pass circuits; oscilloscopes and peak 
measuring equipment, pulse modulating uhf signal generators. 
Offers positive or negative pulses of 50 watts amplitude, delay 
and advance sync out circuits for synchronizing to other circuits, 
direct-reading pulse length control, high quality pulses with 0.02 
rise and decay, flat top and minimum overshoot. Jitter less than 
0.01 psec. Permits delivery of accurate pulses to end of long trans- 
mission lines; if line is correctly terminated, pulse shape is inde- 
pendent of line length, sync conditions, input voltage or output 
attenuator setting. Internal impedance 50 ohms or less, either 
polarity. Repetition rate, internal sync 50 to 5,000 pps, external 
sync approximately 2 to 5,000 pps. Cabinet model $585.00; rack 
mount model, $570.00. 


Call your -hp- representative for details or write direct. Data subject to change without notice. Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 


1009H Page Mill Road + Palo Alto, California, U. S. A. 
Cable “HEWPACK”" + DAvenport 5-4451 
Field Representatives in all Principal Areas 
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Structural Diagrams— 
A Short-cut to 
Analog Computer Circuits 


Any control engineer can derive a structural diagram of his system that trans- 
lates immediately to an analog computer circuit. The system differential equa- 
tions need never be written; only the published characteristics of the components 
and their interconnection diagram are needed. The structural “blocks” represent 
seven operations basic to analog computing (including nonlinearities). 


It is not necessary to solve for the characteristic differ- 
ential equation of a system to set up an analog com- 
puter circuit for test or analysis. The computer circuit 
can be constructed, instead, directly from a “structural 
diagram” derived only from the mathematical relation- 
ships that describe the elementary components of the 
system and their interconnections. This technique is 
applicable to both linear and nonlinear systems. The 
seven basic operations encountered are defined in Table 
I, along with suggested symbols for the structural dia- 
gram “blocks” that represent them. 

The dead time block covers systems described by 
difference equations, and the integrating block meets 
the requirement of integrating action, generally preferred 
in analog computers. 

Structural diagrams can be transformed under the 
same rules that hold for normal block diagram trans- 
formation. For inversion, however, the input and out- 


O. FOLLINGER and W. SEIFERT, 
AEG—institut fuer Automation, 
Frankfurt-Main, Germany 


K 


Inversion 
XE XA amp Ka 


‘ Inversion 
Ke Xq wy 


FIG. 1. Structural blocks (see Table I) can be inverted by 
interchanging input and output. Inverting D-block is 
special case that requires adding initial conditions to 

the resulting I-block. 
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TABLE | 

THE 
STRUCTURAL 
BLOCKS 


NAME OF BLOCK 


OPERATION 


EQUATION 





Summing point 
(S— point) 


addition or 
subtraction 





Proportional block 
(P—block) 


multiplication 
by o constant 





Integrating block 
(I-block 


integration 


t 
X= Kf x at 
oe 





Differentiating block 
( D— block) 


differentiation 


dn 


[2 





Dead —time block 
(DT—block) 


dead —time 
generation 


xin) =K X (t-1,) 





Function block 
(F— block) 


function 
generation 








Multiplying biock 
(M—block) 





multiplication of 
two variables 











put of the block must be interchanged while the opera- 
tion of the block is inverted. 

Figure 1 shows the inversion of a P-block and a 
D-block. Inversion of the D-block results in an I-block; 
but, since on inversion 

dzz 
<a 


‘ 
anf, radt + rg) 


the initial condition term xs@ must be calculated. 

In operation, each element of the circuit diagram is 
transformed separately into its respective block with- 
out ever considering the system differential equations. 
This is done for two kinds of systems on the following 
pages. Once established, the structural diagram, can be 
converted directly into analog computer hardware. A 
P-block becomes a potentiometer, the summing point 
a summing amplifier, an I-block an integrator, and an 
F-block a function generator, and so on. 

Computer circuits formulated from structural dia- 
grams are equally applicable to mechanical or electrical 
systems. Table II shows block representations for com- 
mon electrical and mechanical system components. ‘The 
constants required for setting up these operations on a 
machine are easily derived from published technical 
data for the components, as is shown in Table III for 
the system of Example 1. 

Besides being a convenient step between circuit dia- 
gram and computer circuitry, the structural diagram, 
like any other block diagram, serves as the starting point 
of conventional frequency-response or root-locus investi- 
gations on the system parameters. 
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Table !I—Common Electromechanical System Components 





COMPONENT EQUATION 


STRUCTURAL BLOCK 





Loop of a network vt veve S— point 


2 





Node of a network S — point 





Inductance D—block 





Resistance P — block 








Copacitor I— block 





Electronic amplifier F—block (for small 


tions, P- block ) 


voria- 





Emf of generator 
or counter—emf of 
motor 





constant , P— block) 





M-block (if n or $ are 








| 


| Torque of o motor 





M— block (if 

| constant, P- 
pe 
Magnetic flux = tli 
} tions, P— block 





| Force equation, 


Sees equation 

7 sia 
Speed equation 

| 





| 
Acceleration 


Se wen 
| Attenuation, viscous 
| friction 


| ee 





Spring 
Cc fy wat 


ESS —— — —+_ 





Two examples show how to derive structural diagrams 


EXAMPLE 1. 


Figure 2 shows a simple speed-control system with 


M, a load torque disturbance. The motor field sets up a 
rotational speed n at which the tachometer generator 
provides an output 

eT = Kr en 
A potentiometer taps off a fraction of this voltage for 
feedback 

wy = Ky eer 
These elements are represented in Figure 3 as propor- 
tional blocks 1 and 2. The error signal is generated by 


FIG. 2. Schematic of simple speed-control system 


MOTOR SPEED CONTROL 


subtracting the tachometer voltage v, from the set-point 
voltage vs. Summing point a represents the equation 
| Up 

Figure + shows the characteristics of an amplifier 
whose output over the linear range is given by ir = 
ino — K, Vn, and represented by P-block 3 and sum- 
ming point b. 

The amplifier output current generates the motor 
magnetic flux ¢, where ¢ = f(is). F-block 4 represents 
this relationship. 

A constant dc source (es) with a source inductance and 
resistance of Ls; and Rs supplies the motor armature. 
The back emf of the motor ey, and vz and v, (the volt- 
age drops across resistors Rs + Ry and inductances 
Ls; + Ly), are connected at the summing point c by 
the equation 


=Us — vy 


we = Oy 0 

The multiplying block 5 gives the motor back emf from 
the equation ey = Ky-¢-n. The armature current i, is 
calculated from the voltage drop across Rs and R, 
(P-block 6), while the differentiating block 7 deter- 
mines the voltage developed across Ls and Ly. 

Motor torque M,, a product of armature current and 
magnetic flux (block 8), divides into two components. 


aor P are 
bloc! 


“ jens 


| F—block (for small varia— 








FIG. 3. Structural diagram analog representation of speed control. 


Characteristics of 
amplifier in Figure 2. 
ela tien 








One maintains equilibrium with the load torque M, 
and the other provides armature and load acceleration. 
The accelerating torque (M,; = M, — M.) is used to 
derive the speed n, where 


1 t 
n= asf M gdt + n(0) 


Table !Il—Constants for Blocks in Example 1 





BLOCK] CONSTANT | GIVEN TECHNICAL DATA 





o otk €,=rated emf of tach generator 
T n =rated speed of tach generator 





Ky = attenuation of potentiometer 





_|Ky amplification of omplitier V 








f (ig) = magnetizing characteristic of motor M 





yj Counter emf of motor at rated speed ond flux 
$= rated flux of motor 
n= rated speed of motor 





Rg= resistance of voltage source 
Ry =resistance of motor armature 





Lo=inductance of voltage source 
Ly= inductance of motor armature 





M, = motor torque af rated armature current and flux 
g = rated flux of motor 
i, = fated armature current of motor 





Q= inertia of motor armature plus load 





igyg)* quiescent current of amplifier 





@, = constant de voltage 





n(Q) =speed at the time 0 

















6 is the motor and load inertia and n(Q) the speed 
prior to the initial disturbance. Integrating block 9 and 
summing point e complete the structural diagram. 

Detailed block constants in Table III show that only 
simple manipulation of published technical data is 
needed to prescribe this system analog. 


EXAMPLE 2. MECHANICAL LEVER SYSTEM 


Figure 5 shows two simple mechanical systems inter- 
connected by a lever. Application of a force P, imparts 
a velocity v. to the mass m, in the second system. The 
force equation for the first system is 


P, = Pm + Pat Pa 


where P,,; is the accelerating force on m, Pa a frictional 
force, and P,, the force imparted to the lever. 
The lever transmits to the second system a force 


—h 
Py =—— P 
h2 he Al 
which is the summation of the frictional, spring loading, 
and mass accelerating forces for system 2. Other equa- 
tions necessary are: 


Pa =m —>— 


dy, 
dt 
Pa = dw, Pa = day 


t hy 
Pe =c vedt and y= — —— % 
0 ha 


Figure 6 shows the conversion of these equations into 
a structural diagram with an input P, and output vz. Re- 
versals of sign between P,, and Py. and v, and v,; are sym- 
bolized by a summing point with one (negative) input. 





Mass my Friction dy 


P7 


System 2 


Sprin 
Friction do coefficient 
Cc 

















FIG. 6. Structural diagram for system of Figure 5. 
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Revamped Motors, 
Controls Up Tinning Line Output 


D. H. JENTER, Reliance Electric & Engineering Co. 


Faced with the need for increasing 
the production of an electrolytic tin- 
ning line, the United States Steel 
Corp. decided to modernize rather 
than replace the existing facility. The 
line involved was one of three “Ferro- 
stan” lines installed at the Irvin 
Works Plant during World War II. 
Originally designed to operate at 600 
fpm, the line had been modified ear- 
her and its speed increased to 700 fpm. 
The latest modernization aimed for a 
top speed of 950 fpm with improved 
speed, tension, and position control. 
In addition, recoilers were to be 
added to the line to facilitate the 
production of tinplate in coiled form. 

A processing line such as this is 
basically a constant-torque applica- 
tion; hence, optimum performance 
called for a change in the electrical 
system from ‘“voltage-and-field” to 
“all-voltage” control. It was deter- 
mined that the drive bridle motor, 
the lead unit of the “center sec- 
tion”, could be safely operated with 
its field preweakened to sustain the 
additional speed, and that the many 
tachometers used as reference could 
be retained. 

Approximately 20 3-hp motors were 
applied to individual conductor and 
deflector rolls throughout the line, to 
offset the torque reduction caused by 
operating the drive bridle motor with 
weakened field. Such individual helper 
roll drives also provided easier thread- 
ing and more flexible system opera- 
tion. Further, four motors of varying 
sizes up to 15 hp were used to drive 
groups of “sink rolls”. 

Of the remaining motors in the 
center section, the auxiliary bridle 
motor (used to maintain tension in 
the strip passing through the electro- 
static oiler) was retained without 
change by replacing gears and bearings 
in the gear reducer. The drag bridle 
motor (used to maintain tension in 
the strip moving through the pickling 
and plating tanks) was replaced by 
three specially compounded machines 
driving individual rolls of the bridle. 
The dual-series fields of these ma- 
chines were cross-connected to pro- 
vide inherent load-sharing. 

Because of the extremely critical re- 
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quirements of the entry end, new 
machines were applied in all cases. 
These machines were designed for 
300-volt operation, providing 20 per- 
cent over-speed for loop replenish- 
ment and enough torque to accelerate 
a 30,000-Ib coil from rest to 950 fpm 
in 5 sec. The existing Hallden shear 
motor was retained but its field pre- 
weakened to accommodate the short- 
est sheet length. The modulated loop 
control system used to synchronize 
the shear speed with that of the 
center section was designed with 
enough range to accommodate all 
anticipated lengths of cut. The classi- 
fier motors were not changed, but one 
additional motor with integrally 
mounted tachometer was installed to 
provide signals to the speed regulator. 
Gearing of all motors was changed. 

The existing main motor-generator 
set contained three 75-kw generators 
and two 50 kw constant potential 
exciters. These units were adapted for 
use in the new system by paralleling 
the fields of the 75-kw generators, to 
obtain faster response through “forc- 
ing”. The exciters on the main m-g 
set were not changed. 

The two small existing booster m-g 
sets were replaced by three new sets, 
one containing individual generators 
for the motors of the entry end. Over- 
voltage was included in the design of 
these units to provide overspeed of the 
entry end for loop replenishment. An- 
other new set contained booster gener- 
ators for certain machines in the cen- 
ter section. The last set consisted of 
four control exciters constructed with 
two fields. Three of these generators 


excite the single-field, 75-kw main 
generators to give the capability of 
voltage reversal for jogging and regula- 
tion of zero voltage for stand-by. The 
remaining generator excites all main 
generators of the entry section. This 
configuration provides the capability 
of actually reversing the travel of the 
strip in the entry section automati- 
cally if required by unusual operations, 
such as starting with too much strip 
in the entry looping pit. The preset 
tension on the uncoiler was main- 
tained during such reversal. 

Most of the original control panels 
were retained, the principal excep- 
tion being the motor-operated rheo- 
stat panel; this was entirely replaced 
to avoid restacking the resistors. The 
theostat is now used only as a refer- 
ence for the line speed regulator. 

The wiring changes required were 
reasonably straightforward, consisting 
for the most part of deleting switch- 
ing equipment, such as contactors and 
field-accelerating relays, whose func- 
tions were duplicated in the new regu- 
lator circuitry. Many new relays were 
required, but these were almost exactly 
balanced by the control devices that 
were disconnected. 

The heart of the control system for 
this line is the regulating system. The 
existing system utilized regulators of 
the “rocking arm” variety, which not 
only lacked the accuracy and speed of 
response required, but also were be- 
coming increasingly hard to maintain 
due to the scarcity of spare parts. In 
the new system, the regulating func- 
tions were provided by 15 packaged 
electronic units. 





BENEFITS OF MODERNIZATION 
1. Line Standard Speed-raised from 665 to 935 fpm. 


. Acceleration Time from Welding Speed to Standard Speed-decreased from 


25 to 8 sec. 


. Variation in Line Speed at Standard Speed-reduced from +20 fpm to +5 


fpm. 


. Range of Over/Under Shoot on Coming up to Standard Speed-reduced 


from +40 fpm to +10 fpm. 








Control System Test Equipment 


PART Iii: RESPONSE 
EVALUATION INSTRUMENTS 


The first two articles in this series (CtE, March, p. 116 and May, p. 125) 
covered devices that only generate a test signal and systems that both 
generate a test signal and provide a means for evaluating control- 
system response. In this concluding article, Author Fuchs discusses 
commercially-available equipment limited to control-system-response 
evaluation, and various home-grown testing devices. One complete 
transfer function measuring system is covered that was introduced too 


late to be included in Part Il. 


ABRAHAM M. FUCHS, Boonshaft & Fuchs, Inc. 


Devices for response evaluation only complete the 
picture of special-purpose control system test equip- 
ment. These final devices do not generate a test 
signal, and therefore must be mated with a test signal 
generator, such as those described in Part I. 

The first three items described here were designed 
primarily for output signal evaluation in ac systems, 
including all those control systems whose output is 
a suppressed-carrier signal. (The forcing function 
may be a dc signal.) Items 4 through 6 are special 
devices for measuring phase, and can be used in 
frequency-response testing instead of the techniques 
for phase measurement already mentioned in Part 
II. There are two direct-reading analog phasemeters, 
and a digital phase-angle counter. (The digital 
method of phase measurement that is mechanized in 
the last device can be used with several manufac- 
turers’ high-speed electronic counters.) The last 
instrument described, Item 7, is a special converter 
that equips the Solartron transfer function analyzer 
for suppressed-carrier systems, and as such does not 
rigidly fit the classification of output evaluation 
equipment. The accompanying table summarizes 
the important characteristics of Items 1 through 6. 

Added to Item 4 (Muirhead Instruments Phase- 
meter D-729-M) are a low-frequency oscillator and 


a tunable filter, the group of three instruments form- 
ing a complete system for measuring the amplitude 
ratio and phase of feedback control systems. ‘This 
complete testing system was brought to the atten- 
tion of the author too late to be included in the 
second article of this series. 


Does available equipment fit requirements? 


Having examined most of the special-purpose con- 
trol system test equipment that is commercially 
available, it is well to take a broad look at the 
characteristics and capabilities of this equipment 
to estimate how well it answers requirements. 

First, it is obvious that electronics is emphasized. 
Most of the test items in all three categories (signal 
generation, complete testing systems, and response 
evaluation) generate electronically-derived electrical 
test signals and evaluate contro] system response 
electronically. This heavy emphasis on electronics 
in part reflects its role in many control systems; but 
it also reflects the difficulty of satisfying pneumatic, 
hydraulic, mechanical, optical, etc., requirements of 
highly diversified industrial control applications. 

To be specific, only two test items (Items 1 and 
5 in Part II) provide a variable pneumatic signal, 
and only two (Items 6 and 7 in Part I) provide 
variable mechanical displacements: there are none 
directly applicable to hydraulic systems, or to gen- 
erating varying temperature, flow, or other process 
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CHARACTERISTICS OF RESPONSE EVALUATION EQUIPMENT 





Manufacturer 


Designation 


Purpose 


Frequency 
Range 


Price 


Remarks 





Brush Instruments 
3405 Perkins Ave. 
Cleveland 14, Ohio 





Sanborn Co. 
175 Wyman St. 
Waltham 54, Mass. 


Boonshaft & Fuchs, Inc. 
994 Byberry Rd. 
Huntingdon Valley, Pa. 


Muirhead Instruments, Inc. 
677 Fifth Ave. 
New York 22, N. Y. 


Advance Electronics Lab., Inc. 


Servoenalyzer, 
Model BL-560 


Servomonitor 
preamplifier, 
Model 150-1200 


Visual phase- 
sensitive detector 


Phasemeter 
D-729-BM 


Phasemeter 
Type 405 





451 Highland Ave. 
Passaic, N. J. 





Ultra-low 
frequency phase 
angle counter 





Demodulates suppressed- 
carrier signals and 
amplifies for recording 


Demodulates suppressed- 
carrier signals and 
amplifies for recording 


Demodulates suppressed- 
carrier signals in 
conjunction with a scope 


Measures phase and 
amplitude response 
of de signal 


Measures phase 
of de signal 


Digital method of 
low-frequency 
phase measurement 


50 to 
10,000 cps; 
carrier 


60 to 
10,000 cps; 


carrier 


40 to 
4,000 cps; 


carrier 


de; 0.25 to 
10,000 cps 
de; 

0.5 to 
20,000 cps 
de; 
0.00001 to 
1,000 cps 








$815 





Also takes de input; has precision carrier 
phase-shift plug-in unit; to 350 cps carrier— 
4 cps down | db; above 350 cps carrier— 
100 cps down | db 


Below 200 cps carrier—0.1 sec rise time; 
above 200 cps carrier—0.01 sec rise 
time; 45 cps down 3 db with recorder; 
$250 more for driver amplifier and power 
supply 

Zero phase shift on time lag of modulation 
envelope 


Phase measured to +1! deg, amplitude 
to +0.2 db; 5 millivolt sensitivity; very 
high input impedance 


Input—0.5 to 70 volts; +1 deg accuracy; 
low drift—0.001 deg per 10 hours; higher 
accuracy at small phase angles 
Maximum error +0.5 deg at less than 100 
cps and more than 5-volt input; same func- 
tion can be accomplished by other counters. 
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I. Dr. Mozley’s apparatus for generating 
sinusoidal variation of water temperature. 


FIG. 1. 


variables. At this point the ingenuity of the tester 
takes over, and a wide variety of home-grown devices 
have been developed. Several of these devices are 
discussed below. 

Because of the availability of sensors with electrical 
signal outputs, electronic methods will undoubtedly 
continue to be used for response evaluation. The 
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major problem, therefore, is in the generation of 
signals for special test situations. 


Home-grown test equipment 


An outstanding example of home-grown equip- 
ment is the apparatus for generating sinusoidal varia- 
tion of water temperature; it is shown in Figure |] 
and discussed by Dr. Mozley in Ref. 1. It uses a 
Graham variable-speed drive on a scotch yoke to 
convert the output of a constant-speed motor to a 
variable sinusoidal motion. This in turn moves two 
valves, one regulating hot water flow and the other 
ambient water flow. ‘The resulting water mixture 
has a sinusoidally varying temperature for taking the 
frequency response of a heat exchanger. 

Special devices have also been built for mechani- 
cally displacing high power levels. The Woodward 
Governor Co. built such a device using a high-power 
electric motor and a scotch-yoke mechanism. This 
company has also equipped a van with signal gen- 
erators and output evaluation equipment (Figure 2) 
for control system tests at the installation site. 

Electrohydraulic positioners commanded by a 
sinusoidal signal have also been used as high-power- 
level control system inputs. Their advantages are 
high power level over very broad frequency ranges 
with low distortion (no linkages), and easy variation 
of amplitude, zero-point, and frequency. A disad- 
vantage is that they tie up large quantities of expen- 
sive hydraulic equipment. 





With some ingenuity, very low cost equipment 
can be assembled to perform satisfactory frequency 


and transient-response tests. 


A switch, a voltage 


souree, and an oscilloscope (or recorder) become 
a step response setup. A variable-speed motor (or 
motor and variable-speed transmission), a resolver 
(with demodulator for de systems), and an oscillo- 
scope (or recorder) become a frequency response 


test apparatus. 


The addition of a second resolver 


provides precision phase measurement. 


REFERENCE 


1. PREDICTING DYNAMICS OF CONCENTRIC PIPE HEAT 
EXCHANGERS, J. M. Mozley, “Industrial & Engineering Chem- 


istry”, June 1956, pp. 1,035-1,041. 


FIG. 2. Woodward Governor Co. van contains 
signal generators and output evaluation equipment 
for on-site testing of control systems. 


1. BRUSH ELECTRONICS SERVOANALYZER MODEL BL-560 


FIG. 3. Brush servoanalyzer with 
phase-shift resolver. Same unit is available 
with phase-adjust circuit to permit 

use of complete carrier-frequency range. 


[he Brush servoanalyzer, Figure 3, is 
a versatile device that permits the record 
ing of the modulation envelope of a 
suppressed-carrier signal. As Figure 4 
shows, the analyzer consists of four sec- 
tions: error-signal channel, reference- 
signal channel, demodulator and dc 
amplifier, and plug-in phase-shift circuit. 

The capacitor-coupled _ error-signal 
channel] has a frequency range of 50 to 
10,000 cps. A floating input circuit pro 
vides an imput impedance of 1 megohm, 
and the gain is sufficient to give an over- 
all recording sensitivity of 0.5 millivolt 
per mm. Input attenuators reduce this to 
500 millivoits per mm where required. 
Overload due to quadrature is sensed and 
indicated on the front panel, so that the 
operator is assured that the error ampli- 
fier is operating in its linear range. 

By means of a high-quality input trans- 
former in the reference-signal channel, 
l-megohm input impedance is attained 
as well as a floating input for the refer- 
ence signal. Thus different grounds can 
be used for the error signal and reference 
signal. The reference channel provides 
the reference-level-meter excitation, as 
well as a calibrate signal for the error- 
signal channel. The output (after phase 
correction) drives the phase demodulator. 

The demodulator is a diode-type half- 


wave phase-sensitive detector, whose out- 
put is filtered and then amplified by a 
dc amplifier. Amplifier output drives the 
pens. The zero can be suppressed by as 
much as 200 mm. 

The phase-shift correction circuit is a 
plug-in assembly. In the analyzer shown 
in Figure 3, a phase-shift resolver (price 
of unit $195) permits carrier phase shift 
over the range of 0 to 360 deg (within 
plus or minus 1 deg) at either 60 or 400 
cps. Phase is set and read by the dial on 
the front face of the unit. Error-channel 
output at any desired phase, or the phase 
of the error-channel output, can be ac- 
curately evaluated. 

A phase-adjust plug-in unit can_ be 
used in place of the resolver. Six steps by 
two switches on the rear of this unit pro- 
vide the necessary phase correction of the 
reference phase to permit operation over 
the 50-to-10,000-cps range. Fine adjust 
ment by means of a knob on the front of 
the plug-in unit is part of the calibration 
procedure. Up to 170 deg of carrier 


phase shift is available at all frequencies. 

Plug-in filters (applicable to one car- 
tier frequency) are available to increase 
the third-harmonic rejection capabilities 
of the instrument (price each $20). The 
overall system frequency response is flat 
to 100 cps when used with a Brush os 
cillograph at carrier frequencies greater 
than 350 cps, and flat to 7 cps at lower 
carrier frequencies. 

The characteristics of the BL-560 ser- 
voanalyzer are as follows: error-signal am 
plifier: carrier frequency—50 to 10,000 
cps, sensitivity—0.5 millivolt per chart 
line, range—0.5 millivolt to 80 volts, 
input impedance—l megohm (unbal- 
anced or single-ended), gain—approxi 
mately 400, internal—20 millivolts gain 
calibrate signal; reference amplifiers: in- 
put—12 to 40 volts, impedance—1 
megohm (unbalanced or single-ended); 
demodulator: frequency response with car 
rier frequency—50 to 350 cps—dc to 4 
cps, plus or minus 1 db—dc to 7 cps, 
plus or minus 3 db 
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4. Analyzer can handle both 


suppressed-carrier and de inputs 





There are two demodulator filters, one 
for carrier frequencies below 350 cps 
(low filter) and one for frequencies 
above 350 cps (high filter). The high 
filter has a rise time of 0.01 sec and, 
when combined with a Brush oscillo- 
graph, is flat within plus or minus 1 db 
out to 100 cps. The low filter has a rise 
time of 0.1 sec and its output is flat 
within plus or minus | db to 4 cps and 
within plus or minus 3 db to 7 cps. The 


ac amplifier/demodulator combination 
produces a quadrature-rejection ratio of 
at least 100 to 1. 

The Brush servoanalyzer will also 
handle a de input. In this case the input 
passes through an attenuator to the dc 
amplifier, the same section that ampli- 
fies the filtered demodulator output and 
drives the pens. Amplifier characteristics 
are as follows: stability—one-fourth line 
of chart paper per hour with a total drift 


of less than half a line in eight hours; 
input impedance—1 megohm; maximum 
sensitivity—50 millivolts per chart line 
(1.0 volt full scale); range—single-ended 
0.05 to 400 volts, balanced input 0.05 to 
20 volts (maximum plus or minus 10 
volts to ground on either terminal) ; cali- 
bration—1.0 volt signal from mercury 
cell; signal expansion—can shift signal 
up to plus or minus 200 lines from 
the center of the chart paper. 


2. SANBORN SERVOMONITOR PREAMPLIFIER MODEL 150-1200 


FIG. 5. Sanborn servomonitor 
preamplifier is designed as a plug-in 
unit to mate with other equipment. 
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The servomonitor preamplifier, Figure 
5, is in the form of a plug-in front-end 
that mates with the Model 150-200/400 
driver amplifier and power supply to form 
a complete oscillographic recording sys- 
tem. The output of the preamplifier is 
proportional to the envelope of a sup- 
pressed carrier signal. 

Figure 6 shows the preamplifier block 
diagram. The suppressed-carrier input 
signal is amplified in an ac amplifier 
which has sufficient gain to give an over- 
all recording sensitivity of 10 millivolts 
per cm to 10 volts per cm (in-phase 
component). The reference voltage drives 
an ac voltmeter to permit accurate level 
adjustment, and, in turn, provide a cali- 
bration signal for the recording system. 
The amplified signal and reference signal 
are combined in a phase-sensitive detec- 
tor whose output is amplified and filtered. 
The filter has a 0.1-sec rise time when 
used with carrier frequencies below 200 
cps, and a 0.0l-sec rise time for car- 
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rier frequencies greater than 400 cps. 

Good quadrature rejection is accom- 
plished by careful design of the ac am- 
plifier and demodulator to prevent phase 
shift (including a compensated stepped 
attenuator). An indicator shows when 
quadrature is present, assuring that the ac 
amplifier is operating in its linear range. 

The overall characteristics of the ser- 
vomonitor preamplifier with driver am- 
plifier and recorder are: sensitivity—10 
millivolts per cm to 10 volts per cm; 
carrier frequency range—60 to 10,000 
cps; frequency response (to modulation) 
—low filter down 3 db at 3 cps, high 
filter down 3 db at 45 cps; input im- 
pedance—100,000 ohms; reference volt- 
age—10 to 125 volts; internal calibration 
—20-millivolt signal; stability—less than 
0.1 mm of baseline drift per hour (after 
warmup); quadrature rejection ratio— 
better than 100 to 1 for carrier fre- 
quencies to 5,000 cps, better than 30 to 
1 for higher frequencies. 
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FIG. 6. Block diagram of 
servomonitor preamplifier 


3. BOONSHAFT & FUCHS VISUAL PHASE-SENSITIVE DETECTOR 


FIG. 7. Visual phase-sensitive 
detector uses oscilloscope 
as a demodulator. 


The visual phase-sensitive detector, 
Figure 7, is a new device for evaluating 
the transient and frequency response of 
control systems and components with 
suppressed-carrier signals. The detector is 
fed by the carrier reference signal and 
generates a narrow pulse accurately 
phased to occur at the peaks (positive 
and negative) of the carrier signal (within 
plus or minus 1 deg to 1,000 cps). These 


pulses are used to excite the z axis of an 
oscilloscope. The control system output 
is applied to the y axis of the scope, while 
the x axis is triggered by the step input 
for transient tests or is excited by the 
input signal for frequency response tests. 

Lighting up the scope presentation of 
the suppressed carrier signal at the peaks 
of the carrier reference permits only the 
amplitude of the in-phase signal to ap- 
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FIG. 9. Visual phase-sensitive detector generates 


pulses that energize the scope z axis. 


FIG. 8. Quadrature and harmonic rejection 
capabilities of visual phase-sensitive detector. 
Only the dots are visible on the scope. 


pear on the scope. Quadrature rejection 
ratio exceeds 100 to 1 from 40 to 1,000 
cps, and exceeds 50 to 1 to 4,000 cps. 
In addition, even harmonics of the carrier 
are rejected by at least 100 to 1. Odd 
harmonics of the carrier are either com- 
pletely rejected or not rejected at all, 
depending on the relative phase. Figure 
8 shows how quadrature and harmonic 
rejection is achieved when the scope 
presentation is visible only at the peaks 
of the carrier reference signal. 

The visual phase-sensitive detector also 
provides a narrow pulse output that is 
accurately phased to coincide with the 
zero-axis crossings of the carrier reference 
signal. With these pulses used on the z 
axis of the oscilloscope, the in-phase com- 
ponent of control system output is re- 
jected and the quadrature component 
becomes visible. This makes it possible to 
accurately null the quadrature component 
or to study the amplitude of this com- 
ponent against position, speed, etc. 

Thus the visual detector makes an os- 
cilloscope into a demodulator; and be- 
cause the visual demodulation process 
does not introduce noise (as does the 
ordinary phase-sensitive detector), this 
demodulator does not require a filter. 
The true phase and the true time history 
of the control system output are pre- 


4. MUIRHEAD TRANSFER 


Very recently, Muirhead Instruments, 
Inc. augmented their phasemeter D- 
729-B with a two-phase low-frequency 
oscillator D-880-A and a tunable filter 
D-925-A to form a complete system for 
measuring the amplitude ratio and phase 
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Quadroture wave seen on scope 
Os it goes through zero, therefore 
100 percent rejection 


Second-harmonic wove (and all 
even hormonics) completely rejected 
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by 90 deg, completely rejected 
because displaced from zero but not 
displaced relative to each other 


Third-harmonic wove (and all odd 
harmonics) rejected or not 
depending on phase, upper curve 
not rejected, lower curve rejected 





sented, phase lag or time lag are not 
introduced, and accurate phase response 
as well as transient response can be seen. 

Pulse generation at both the positive 
and negative peaks (or at both zero-axis 
crossovers) makes the amplitude meas- 
urement on the oscilloscope independent 
of the drift in zero position of the scope 
amplifiers. In fact, an ac amplifier can be 
used as long as it introduces negligible 
phase shift at the carrier frequency. 

When used in conjunction with a 
scope that will permit the trace to be 
expanded beyond the size of the screen, 
this device will detect and allow evalua- 
tion of an output signal change that is 
only a fraction of the amplitude of the 
quadrature that is present. This can be 
very useful when making small amplitude 
tests at high frequencies. 

Figure 9 shows the block diagram of 
the visual phase-sensitive detector. The 
reference signal is amplified by a high- 
input-impedance variable-gain amplifier, 
whose output is differentiated (phase 
shifted by plus 90 deg) by an ac opera- 
tional amplifier. (When the output 
pulses are to coincide with the zero-axis 
crossover, this amplifier is switched from 
differentiation to amplification by a con- 
stant). Operational amplifier output is 
then amplified, limited, and used to 


of feedback control systems. The instru- 
ments are shown in Figure 10; the phase- 
meter includes a separate power supply 
not shown here. The oscillator and filter 
were introduced too late for the complete 
system to be included in Part IT. 


switch a Schmidt circuit. The output of 
the Schmidt circuit is differentiated and 
applied to a monostable multivibrator, 
which provides the high-output, variable- 
width pulses that are applied to the z 
axis of the oscilloscope. 

Note that the detector needs to be 
adjusted only when the carrier frequency 
or amplitude is changed. In no case is 
the control adjustment critical. By means 
of z-axis modulation to demodulate the 
carrier, and by increasing the intensity 
control on the scope, a complete picture 
of the test signal can always be seen. 
This makes sure there will be nothing 
unusual about the test results. 

The visual phase-sensitive detector has 
the following characteristics: carrier fre- 
quency range—40 to 4,000 cps; carrier 
amplitude—5 to 200 volts; input im- 
pedance—1 megohm; pulse amplitude— 
50 volts, positive and negative; pulse 
width—2 to 140 microsec; source im 
pedance—less than 5,000 ohms; quadra- 
ture rejection ratio—better than 100:1 
to 1,000 cps; even-harmonic rejection— 
100 percent; odd-harmonic rejection— 
either none or 100 percent, depending on 
phase; phase and amplitude modulation 
distortion—none at all frequencies; tran- 
sient-response distortion—no time dis- 
tortion of the time-response envelope. 


FUNCTION ANALYZER (WITH PHASEMETER D-729-B) 


Low-frequency oscillator 


The two-phase low-frequency decade 
oscillator covers the frequency range from 
0.01 cps to 11.2 kc. Operation is based 
on the solution of a second-order dif- 
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FIG. 10. Muirhead tunable filter (upper left), 
low-frequency phasemeter (lower left), and 
two-phase low-frequency decade oscillator. 


ferential equation with damping, using 
two integrators and a sign changer. Two 
outputs, 90 deg apart, are taken from 
the integrator circuits. The unit em 
phasizes frequency accuracy, low har- 
monic content, and equality or pro- 
portionality of the two output levels. 

Performance characteristics of the 
D-880-A oscillator are as follows: fre- 
quency accuracy—0.01 to 0.1 cps, plus 
or minus 2 percent; 0.1 to 11.2 cps, plus 
or minus | percent; 1.0 cps to 11.2 ke, 
plus or minus 0.2 percent; oscillator 
output—0-deg, 10 volts into 600 ohms; 
90-deg, 10 volts into 10,000 ohms (con- 
stant to plus or minus 1 db over en- 
tire frequency range); harmonic content 
—vo-deg output, 0.5 percent; 90-deg 
output, 1.5 percent; accuracy of 90-deg 
phase—1 deg above 1 cps, 3 deg at 
0.01 cps; equality of two output levels— 
plus or minus 0.25 db. The unit is 
priced at $1,085. 

The oscillator is used to excite the 
system under test. It is not necessary 
for the oscillator to feed the phase- 
meter, since the latter may operate to 
measure the relative phase and ampli- 
tude ratio of a block within the feedback 
control system loop. 


Low-frequency phasemeter 

The phasemeter D-729-B can measure 
control system response under sinusoidal 
test conditions from 0.25 cps to 10 kc. 
Meter operation is based on the fact 
that the vector sum or difference of two 
equal voltages is a function only of 
the phase angle between them. 

Figure 11 shows a block diagram. 
Two identical amplifiers amplify the 
reference and unknown signals, which 
are read on the voltmeter and brought 
to the same level by the calibrated at- 
tenuators. The setting on the unknown- 


signal attenuator is a direct indication of 
unknown-signal amplitude. After ad- 
justment, both signals are simultaneously 
applied to the adder whose output (ar- 
ranged to be the vector difference of 
the two signals) is twice the set-level 
times the sine of one-half the phase 
angle between the reference nk un- 
known signals. With the set-level made 
equal to 0.707 of full scale, the full- 
scale meter reading will represent 90-deg 
phase difference while the zero meter 
reading will represent zero-deg phase dif- 
ference. Since meter displacement is pro- 
portional to sin @/2, and @/2 never ex- 
ceeds 45 deg, the scale is almost linear. 

The phasemeter provides a means for 
switching the reference phase to obtain 
correct meter readings when the phase 
angle is beyond the first quadrant. In 
addition, it makes it possible to deter- 
mine the exact quadrant involved. 

This instrument covers a frequency 
range of 0.25 to 10,000 cps. It measures 
phase angle to plus or minus 1 deg over 
most of this range, and amplitude to 
plus or minus 0.2 db for relative levels. 
Each channel’s input impedance is 30 
megohms, so that it can measure the out- 
put from points that are themselves at a 
high impedance. Inputs from 5 milli- 
volts to 20 volts can be handled. 

Highly distorted waveforms can be 
measured by making use of an external 
tunable selective amplifier in place of the 
meter amplifier. Up to 5 percent distor- 
tion will not reduce the above accuracies, 
and almost any level of distortion can 
be accommodated by using the external 
amplifier. Note that phase shift in the 
meter amplifier does not affect results, 
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so that only accurate amplification of the 
signal frequency is required. 


Tunable filter 


The tunable filter D-925-A is a twin-1 
rejection circuit, designed to be directly 
inserted in the feedback circuit of the 
phasemeter output amplifier, and thus 
providing an overall acceptance charac- 
teristic at its tuned frequency. The 
filter covers a frequency range of from 
0.5 cps to 10 ke in five ranges. It has a 
O of 20, giving 26 db rejection of the 
second harmonic and 30 db rejection of 
the third harmonic. This permits the 
meter to be used with distorted wave 
forms, including demodulated signals 

The filter affects the gain accuracy 
of the phasemeter by less than 1 db, 
and mistuning of the filter is not a seri- 
ous source of error because the filter is 
operating on the output amplifier after 
the two signals have been summed 
Tuning is most critical when noise lev 
els are high. The unit is priced at $315. 

At small phase angles, the meter 
scale on the phasemeter can be ex 
panded by reducing the attenuation in 
both channels; a full scale of plus or 
minus 6 deg is then readily obtained 
Distortion in this instance is more criti- 
cal, however, and a tuned external meter 
amplifier becomes necessary. 

This method of phase and amplitude 
measurement is fast and accurate, but 
is limited for some control system 
measurements by not being able to go 
below 0.25 cps. The oscillator and phase- 
meter have broad application and should 
be considered for general laboratory use 
as well as for control system testing 
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5. ADVANCE ELECTRONICS LAB. TYPE 405 PHASEMETER 


This phasemeter, Figure 12, measures 


the phase angle between a reference and 
an unknown signal without adjusting for 
signal amplitude. In the block diagram 
of Figure 13, the reference and unknown 
signals are amplified by four stages of 
cathode-coupled limiters. These circuits 
provide a gain of 10,000 without alter- 
ing the zero crossover point of the two 
signals. Then the two signals (essen- 


tially scuare waves) are applied to a 
coincident slicer circuit. As shown in 
Figure 14, this circuit yields a constant 
amplitude pulse whose width is directly 
proportional to the phase difference be- 
tween the reference and the unknown 
signal. Averaging these pulses gives the 
dc input for the meter movement. 
Full-scale phase reading can be set at 
180, 90, 36, or 12 deg about either the 


measures 
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FIG. 12. This instrument requires no amplitude 
adjustment of either the reference or unknown signal. 
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FIG. 13. Block diagram of Type 405 
Advance Electronics Lab. phasemeter. 
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zero or 180-deg point. Note that phase 
measurement does not require adijust- 
ment for signal or reference amplitude, 
nor for frequency, and the zero point 
is not ambiguous, so that no adjustment 
is necessary here either. Phase lead or 


FIG. 14. Waveforms of various points in instrument; 
output pulses are averaged to provide meter input 


lag can be determined, and the instru 
ment is self-checking. 

Performance characteristics of the 405 
phasemeter are as follows: frequency 
range—0.5 to 20,000 cps, input ampli- 
tude—0.5 to 70 volts, input impedance 


—6.8 megohm shunted by 20 mmf, ac 
curacy—plus or minus 1 deg or 2 per- 
cent from 1 to 10,000 cps (error is much 
less than 1 deg when measuring small 
phase angles), drift (at small phase an- 
gles)—less than 0.001 deg for 10 hours. 


6. ADVANCE ELECTRONICS LAB. ULTRA-LOW FREQUENCY PHASE-ANGLE COUNTER 


For some time it has been recog- 
nized that digital counters can be used 
to accurately measure phase in the low- 
frequency range encountered in control 
system testing. Robert S. Melsheimer 
describes the procedure in detail in the 
paper, “A Digital Method for Precise 
Phase Measurement”, available from 
Berkeley Div., Beckman Instruments, 
Inc. The general technique is as fol- 
lows: The time interval between the 
zero crossover point of the reference 
signal and the zero crossover point of 
the shifted signal is measured. (The 
crossover with the same slope is selected 
for both signals.) The time interval, as 
shown in Figure 15, is compared with 
one period of the signal frequency, 
so that the phase lag in degrees is given 
by the ratio of the two counts times 360. 

Extremely accurate phase measurement 
is possible because of the very high 
count rates available from modern 
counters. This accuracy, however, must 
still depend on the stability of the 
source oscillator for the test, as well as 
on the neise content of the reference 
and test signals. An exact definition of 
the effect of noise on measurement ac- 
curacy must be based on a careful eval 
uation of the particular instrument and 
of the noise characteristics. For exam- 
ple, harmonic content, phased so as not 
to modify the zero crossover of either 
signal, may not affect accuracy. 

Figure 16 shows the ultra-low fre 
quency phase-angle counter built by Ad- 
vance Electronics Lab. for this applica- 
tion. Operation is based on a new 
circuit called the Advancetron, which 
generates a pulse at input signal cross- 
over. It has a high degree of stability 
and repeatability at low frequencies. 

In position 1, shown on the block 
diagram of Figure 17, the circuit counts 
360 deg of the test frequency. The 
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Ultra-low-frequency 
phase angle counter 


FIG. 17. Advancetrons 
in block diagram give 
pulse at zero crossover 
of input signal. 
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pulse from the Advancetron circuit opens 
the gate to permit “ope from the tim- 
ing unit to enter the counter; the sec- 
ond pulse from the Advancetron closes 
the gate and stops the count. This 
count, N,, represents 360 deg of the 
signal frequency. In position 2, Advance- 
tron circuit A starts the count and Ad- 
vancetron circuit B stops the count. This 


count, N,, represents the phase ~— 
between positive-going crossovers of the 
reference and the unknown signals. 
Then the phase angle @, is given by 


N2 
0 = ~y_ 360 deg 


The frequency range of this instru- 
ment is from 0.00001 to 1,000 cps. 


Under 100 cps the maximum error is 
plus or minus 0.5 deg for input signals 
above 5 volts rms. Above 100 cps the 
maximum error is plus or minus 10 
microsec. The input impedance is 2,400 
ohms and the instrument will accept sig- 
nals down to 0.5 volt rms (error increases 
to plus or minus 1 deg in the input 
signal range from 0.5 to 5 volts rms). 


7. SOLARTRON TFA CARRIER CONVERTER TYPES JX541 & JX641 


Although included with _ response- 
evaluation equipment, the Solartron Car- 
rier Converter is actually a matching de- 
vice that permits the use of the Solar- 
tron transfer function analyzer (Part II 
Item 6) with ac or my Pt egal 
systems. Figure 18 shows the unit. 

The converter performs two functions 
(see parts A and B of Figure 19). First, 
the test signal generated by the OS. 
103A oscillator (Part I Item 5) is modu- 
lated to provide the suppressed-carrier 
input signal for the control system under 
test. And second, the converter demodu- 
lates the output signal (or the signal 
from any other point in the control 
system) to provide a de signal for input 


FIG. 20. Control system test 
console incorporates complete 
set of Solartron test equipment. 


to the response evaluation portion of the 
transfer function analyzer. 

The converter’s modulation section 
has the following characteristics: for 
Type JX541, the carrier frequencies are 
400, 1,100, 1,600, and 2,400 cps; for 
Type JX641, they are 50, 60, 200, and 
400 cps. Other carrier frequencies are 
available as special features. The modu- 
lator will accept a carrier reference signal 
from the control system of from 20 to 
230 volts; the test signal from the O:S. 
103A (or its wvetion <a must be 20 
volts rms, balanced. The output sup- 
pressed-carrier signal is up to 100 volts 
peak to peak, with a maximum power 
level of 400 milliwatts. In the standard 
unit, filtering of the modulator output 
to suppress harmonics limits the usable 
range of modulating frequencies to 10 
percent of the carrier frequency. 

The demodulating section of the con- 
verter has the following characteristics: 
With the Solartron resolved-components 
indicator (response evaluator) set for the 
0.5-volt range, the carrier converter gives 
full scale at the indicator for as low a 
test signal from the control signal as 50 
millivolts peak to peak. Maximum sig- 
nal is 100 volts peak to peak. Consid- 
erable effort went into designing the 
demodulator filter to minimize phase 
lag at the signal frequency. The filter 
can even be switched out and the noise 
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FIG. 18. TFA carrier converter 
permits using Solartron transfer function 
analyzer with suppressed-carrier systems. 


rejection characteristics of the resolved 
components indicator used to check the 
effect of the demodulator filters on the 
phase-lag measurement. 

Note that the instrument permits any 
combination of de and suppressed-carrier 
control system input and output signals 
to be evaluated by the transfer-function 
analyzer. In the interest of complete 
test flexibility, Solartron offers its com- 
plete line of control-system test equip- 
ment in console form, as shown in Fig- 
ure 20. This line includes the equipment 
discussed in these three articles, as well 
as other equipment offered by Solartron 
to facilitate control-system test work. 
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FIG. 19. A—Modulator section of carrier converter. 
B—Demodulator section. 
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Designed from inception for process control, Genesys 
advanced digital control computer systems provide 
many exclusive advantages with unprecedented 
economy. Knowledge of precise process dynamics is not 
required. You can optimize process operations using 
your present instrumentation. You get unmatched 
reliability through practical design, practical computer 
speed matched to the problem — thus fewer and only 
the most proven components. Genesys Systems deliver 
4.000 hours of continuous, non-stop operation between 


scheduled maintenance periods . . . dependability with Filling the void in practical digital control, 
this Unit Memory Processor (UMP) is the 
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Alarm Annunciators: 
industry’s Watchdogs 


Alarm annunciators keep an eye on processing and equipment conditions 
for the plant operator. The problem is to select the critical points that 
require monitoring and then pick the right construction, sequences, and 
type from a wide variety of commercially available annunciator systems. 
Here are the key factors in this selection process. 


ARTHUR D. TAPLINGER, Multiplate Glass Corp. 


Alarm annunciators warn an operator of abnormal 
conditions in process variables. Generally, one an- 
nunciator is used for each monitored variable and 
produces its own visual signal, identified by an 
associated inscription on a plate or window. The 
annunciator also can operate separate audible de- 
vices, such as bells and howlers, which may be com- 
mon to all points. 

Alarm annunciation starts at remotely located 
process variables requiring monitoring. Here there 
are sensing devices, like temperature and pressure 
detectors, which contain actuating contacts that open 
(or close) at a predetermined pressure or tempera- 
ture. Sometimes the trouble contacts are contained 
in an indicator or recorder, as for analyzing and 
alarming on excessive CO2. These contacts are 
spread throughout the plant and wired to alarm 
annunciators at the operator’s control panel. 


Annunciator functions 


Commercially available annunciators have a vari- 
ety of functional features. Many of them are com- 
mon to all makers and others unique to a maker's 
product line. And the numerous combinations 
within the industry make for a wide range of an- 
nunciating systems. 

Most annunciators contain contacts for operating 
an external audible device. Keeping the audible 
device separate gives the user complete flexibility of 
choice, allowing him to select, for instance, bells, 
horns, howlers, and sirens, and the pitch and decibel 
rating for each. Audible devices may be highly 
selective in direction of sound, or multidirectional. 
They may be located indoors on the control panel, 
or outdoors when properly weatherproofed and ex- 
plosionproofed. Sometimes, the annunciator actu- 
ates a solenoid which in turn admits air or steam 
to high-energy whistles. 

Essential to any annunciator—whether it is a sim- 
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ple or elaborate unit—is its acknowledge and silence 
function. By actuating a pushbutton switch, the 
operator silences the audible alarm and simultane- 
ously sets the lights to an acknowledge condition. 
The exact status of the acknowledge lights depends 
on the sequence built into the annunciator. Table | 
gives a few of the sequencing possibilities and shows 
the status of visual and audible signals at various 
alarm stages. Some annunciators will return to 
process normal when the alarm clears; some lock in, 
requiring that the operator actuate a reset switch. 

The visual display of process conditions again 
depends on the type of annunciator and the sequence 
used. Some sequences are: standard, dim and 
bright, two-light, and three-light. Each has its own 
peculiar advantages. 

Most general applications of annunciators use the 
standard sequence, inherently the simplest. Indi- 
vidual process points function independently. Lights 
are out when conditions are normal; with an abnor- 
mal condition, they flash on and off, and are accom- 
panied by an audible signal. When the operator 
presses the acknowledge switch, the audible signal 
is silenced and the flashing light becomes steady on. 
In some units, the flashing light is red—to further 
attract the operator's attention—and the steady light 
is white. Some units employ two white lights in 
parallel to guard against an unsuspected lamp burn- 
out; the flashing and steady lights are both white. 

The dim and bright sequence {dim for normal, 
bright for abnormal) is a modification of the stand- 
ard sequence; but it can be employed in more com- 
plex annunciator systems. One may think of dim 
and bright not as a different (from standard) se- 
quence, but as a different language of annunciation. 
The principal advantage claimed for this sequence 
is that under normal process conditions the lamps 
are always dimly lighted. This not only amounts 
to a continuous lamp test, but eliminates a test 
switch. A flasher is not required, although it is 





sometimes used with a dim and bright sequence 
when other means of distinguishing incoming signals 
are not available. 

Excessive illumination around the dim and bright 
annunciator sometimes makes it difficult to see 
whether lamps are burning dimly or not at all; this 
is particularly true with certain types of bullseye 
lenses. Also, when lamps age, the difference between 
bright and dim is not sufficiently distinct (though 
this may be overcome by using a variable trans- 
former to boost voltage and increase light output— 
and the transformer also generates less heat than 
fixed, voltage-dropping resistors). 

Some sequences use two lights, one for normal 
and another for abnormal condition. When an 
abnormal condition occurs, the abnormal light comes 
on flashing and the normal light goes off. After 
acknowledgement, the abnormal light is steady and 
remains on until process conditions return to nor- 
mal. The lens covering each lamp—or the lamps 
themselves—can have different colors, such as green 
for normal and red for abnormal; this arrangement 
is widely used in individual bullseye annunciators. 
The tw o-light sequence, which is both positive and 
simple, is also available in multiple-panel cabinets 
and modular units with both bullseye and_back- 
lighted window design. 

Three-light sequences have one normal light, one 
abnormal-high light, and one abnormal-low light. 
A typical application is in monitoring liquid levels 
where there is a high-level switch at one elevation 
and a low level switch at a lower one. The alarm 
contacts of these switches are connected to the 
annunciator as shown in the 
lower right corner of Figure 1A. 
Figure 1A depicts the normal 
condition, Figure 1B the abnor- 
mal-high or test-high condition, 
Figure 1C the abnormal-low or 
test-low condition, and Figure 
1D the silence condition, which 


Table | 


The sequential feature enables the operator to dis- 
tinguish the first alarm point from any subsequent 
ones even though abnormal conditions occur as close 
together as 35 millisec. Usually, the first alarm 
point is the only flashing light; after acknowledge- 
ment, it becomes a red light. For sequential opera- 
tion, the important thing is to determine those 
monitored variables that are related by process con- 
siderations in such a way that if one exceeds its 
preset limits, the others are likely to follow suit. 
These points constitute a sequential group. Thus, 
in a sequential annunciator there may be many 
groups with as few as two points in a group, or all 
points may be in a single group. 

Ringback goes one step further than acknowledge, 
since it calls for operator acknowledgement of the 
alarm signal as well as acknowledgement of return- 
to-normal. The return-to-normal signal is always 
visual and distinct from the alarm signal, see Table I. 
An optional audible signal may be used, but it, too, 
must be distinct from the alarm audible signal. With 
ringback, the operator knows immediately when the 
abnormal condition has been corrected. He does 
not have to continually reset the annunciator to see 
if the trouble has stopped, nor does he have to wait 
for the maintenance man to check in, after correct- 
ing the difficulty. 

Lock-in spots a trouble-sign, no matter how tran- 
sitory, and sounds an alarm until acknowledged. 
Without lock-in, it is possible that the operator 
could overlook an incipient cause of plant-equip- 
ment or process failure. Time delay, another an- 
nunciator feature, performs a function opposite to 


TYPICAL ANNUNCIATOR SEQUENCES 





shuts off the howler and shunts 
the flasher to make the high or 


Sequence 


Returned 
to normal 


Process Acknowl- 
alarm edge 


*Process 


Signal normal 





low light remain steady on. 
Annunciators must be tested 


Standard, 
backlighted 


White Off Flash Bright Off 
Audible Off On Off Off 





periodically to guarantee proper 
working order. Generally, a shift 


operator performs the test when — 


Dim-bright, 


White Dim Flash Bright Dim 
Audible Off On Off Off 





he comes on duty, usually by de- 
pressing the test switch to cause 
all lamps to burn brightly. An 


Dim-bright, Red Dim 
bullseyes 


Bright Bright Dim 
White Dim Bright Off Dim 
Audible Off On Off Off 





audible test, sometimes accom- 
plished by combining the test 
and acknowledge switches, simul- 
taneously lights the lamps and 


Dim flash, 
backlighted, 
* ringback 


White Off Bright Bright Dim 
flash flash 


Audible Off On Off On 





sounds a horn. The operational 
test, particularly important in 
complex systems, simulates the 
sequence, checking all com- 


Dim-bright, Red Dim 
bullseye, 
ringback 


Bright Bright Dim 
White Dim Bright Off Bright 
lst aud Off On Off Off 
2nd aud~=ss« Off Off Off On 





ponents in the annunciator. 


*For ringback sequences. process normal is reestablished, 
following returned to normal. by actuating reset switch. 








HOW A THREE-LIGHT ANNUNCIATOR WORKS 
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lock-in; it lets the engineer ignore such unimportant 
conditions as momentary fluctuations of liquid level. 
Most annunciators provide auxiliary contacts to 
permit the instrument engineer to use the alarm 
system for rough control or additional alarm indica- 
tion. These contacts, either normally open or nor- 
mally closed, can actuate an interposing relay so 
that a motor may be started or stopped. 
Annunciators can be designed to fail safe, i.e., to 
indicate their own proper or improper functioning 
at all times. Basically, fail-safe protection is achieved 
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NOTES: All relay contacts shown in deenergized 
condition on all diagrams. However, the heavy 
lines show the path of the current. 


Cy- Trouble contact opens on high abnormal 
condition. 


CL~- Trouble contact opens on low abnormal 
condition. 


by one or both relays being energized when the field 
trouble contacts are in the normal condition. 


Basic annunciator types 


In bullseye units, each light is separate and 
mounted behind a small circular lens of tinted glass. 
The usual colors are red, green, white, and amber. 
Backlighted units, however, have translucent plastic 
or glass windows with point-identification engraved 
in large letters. Different color lamps are located 





behind the window. Backlighting has gained wide 
acceptance because it is easy to read at some distance. 

Individual annunciators, each containing acknowl- 
edge and test switches, are usually the bullseye type, 
examples being Visualarm (Crouse-Hinds Co.) and 
Unilarm (Russell & Stoll Co.). Such units have 
been used in refineries for many years; they are 
adaptable to both panel and field mounting. [Minia- 
ture units (Minilarm, Russell & Stoll Co.) also lend 
themselves to graphic panels.] 

Cabinet units for mounting annunciator groupings 
in flush-panel style are made by Panalarm (Panellit, 
Inc.), Scam Instrument Corp., Tigerman Engineer- 
ing Co., and Electro-Mech Corp. Functions and 
construction differ, of course, from company to 
company, but in general they all use hermetically 
sealed, plug-in relays. Such cabinet units are ordi- 
narily available with from four to 54 bullseye alarms, 
or from three to 48 backlighted 
alarms. Backlighted nameplates 
measure roughly 24 by 3 in. 

Electro-Mech’s U-200 Univers- 
alarm is shown in Figure 2. A 
common plug-in relay circuitry, 
for a choice of three sequences 
(automatic reset, lock-in, and 
ringback), can be intermixed in 
one cabinet and actuated from 
either normally-open or normally- 
closed trouble contacts; this is 
said to give extreme flexibility. 
Individual wiring at the terminal 
strip establishes the sequence 
pattern for a particular point. 

Two sizes of backlighted name- 
plate models, % by 3 in. and 1 by 
14 in., help conserve panel space. 
The latter-size panel-mounted 
cabinet contains only the lights 
and nameplate, while a remote 
cabinet—perhaps mounted at the 
rear of the panel—contains the 
relays and associated circuitry. 

Modular construction for flush 
panel mounting, available from 
Scam with backlighted name- 
plates, Figure 3, or dual bullseyes, 
is still another variation. The 
smallest module in the De-Line 
contains three points, and ranges 
in odd numbers up to 11. Such 
an annunciator system can be ex- 
panded vertically or horizontally 
by butting adjacent modules. A 
cabinet door is not required. 
Scam’s Du-All line is similar in 
construction, offers two alarm 
points per light box, but cannot 
provide such features as sequen- 
tial or ringback. 


FIG. 2. 
Note plug-in removable from the front. 


One annunciator innovation is using static switch- 
ing elements in place of relays. ‘The static annun- 
ciators perform the same functions as relay units, 
but are said to be more reliable by virtue of the 
absence of moving parts and contacts. However, 
static switching annunciators cost almost twice as 
much as their relay equivalent. 

Panalarm’s static-magnetic control annunciator, 
Figure 4, uses Westinghouse Cypak elements potted 
in epoxy resin and housed for plug-in connections. 
Scam’s static switching annunciator, Scammit, uses 
semiconductors but no magnetic amplifiers. Lun- 
dell & Co. furnishes the Statalarm 110, using tran- 
sistors and plug-in cards. 


Designing an annunciator installation 


When trouble contacts open (or close) for a 
particular variable they operate relays (or equivalent 


Electro-Mech’s cabinet-mounted backlighted annunciator 


FIG. 3. Scam’s modular annunciator. Note butting of adjacent modules, 
and provision for adding more points at later time. 





FIG. 4. Panalarm’s static magnetic annunciator. 


static elements), lamps, flashers, etc., in the an- 
nunciator. The contacts carry or interrupt only the 
current in the holding coil of one relay. This*cur- 
rent is about 0.06 amp at 120 vac, supplied from the 
annunciator. Inrush current may be 0.3 to 0.5 amp. 
Therefore, the minimum rating of the trouble con- 
tacts should be 0.5 amp. Such small current re- 
quirement leaves the engineer free to select pressure 
switches and the like whose contacts operate at small 
differentials between opening and closing. On the 
other hand, if the contacts cannot carry even this 
smal] current then interposing relays—with higher 
contact rating—must be installed. 

Process needs and deployment of plant op- 
erators determine which alarm points will be in 


Table Il—APPROXIMATE ANNUNCIATOR COSTS 


Annunciator 

cost per cost per 

Type Sequence point, $ point, $ 

| Ee RA - aor 
Cabinet 

or modules 


Installed 


Standard 55 62 


Dim-bright 
and flash 56 63 


Ringback with 
dim flash 61 68 


Sequential 61 68 


Standard, 
bullseye 


4-unit groups 
exp- proof 


Exp-proof with 


separate relay box 


Back-lighted cabinet 
with separate relay box 


Single exp-proof unit 
with thermal flasher 


Single exp-proof unit 
with thermal flasher 


Standard 


Standard 


Two-light, 
two-position 


Three-light, 
five-position 
(normal, high-low 
intermediate, high- 
low abnormal) 
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the control room and which will be in the plant. 
For example, compressor installations usually re- 
quire annunciators at the compressor’s local panel, 
but permit certain alarm points to be duplicated at 
the central control panel, which also contains most 
of the process and utility alarms. 

Annunciators are located on the control panel 
to suit the operator's convenience. First priority in 
panel space goes to recorders, indicators, automatic- 
to-manual stations, selector switches, and other in- 
strumentation that must be at hand instantly. 
Annunciators may be placed higher (less frequently, 
lower) than these instruments, but annunciator 
switches for acknowledge, test, and ringback must 
be within easy reach. If annunciators are located 
high up or the operator is some distance from the 
panel, consideration should be given to using full 
or extra-large-size backlighted nameplates for easy 
reading. 

One way to save panel space and reduce wiring 
cost is to group alarm points associated with com- 
mon process equipment into one zone, and connect 
one annunciator from the zone to the control room. 
Thus, for the compressor, there may be eight alarm 
points, each with its own local annunciator, but in 
the control room only one annunciator to tell the 
operator that the compressor is in trouble. 

The number of spare points to be provided in an 
annunciator cabinet or panel depends on the num- 
ber of active points specified in the original callout 
sheet. Providing spare points means leaving space 
and terminals for them; the relays can be plugged-in 
and terminals wired as the need arises. Spares may 
be from 10 to 100 percent of the active points; cer- 
tain considerations are responsible for this percent- 
age spread. For example, for new plants, particularly 
those using new processes, it may be advisable to 
provide anywhere from 40 to 100 percent spares. On 
the other hand, for plants using older processes on 
which some experience has been gained, 10 percent 
spares may be adequate. For small “packaged” proc- 
ess equipment, it may be permissable to eliminate 
spares altogether. There must be a reasonable com- 
promise between initial cost and future needs. 

Where several annunciating systems are employed 
in the same plant, an effort should be made to stand- 
ardize on a single manufacturer and type, to reduce 
the inventory of spare parts and simplify routine 
maintenance. 


Annunciator costs 


Table II lists approximate average costs of annun- 
ciators on a per-point basis. Except for single-point 
units, these costs are based on a 42-point annunciator 
system. Cost per point is less for more points, more 
for fewer points. The table shows, too, the variety 
of construction and sequences in available annun- 
ciators. The installed costs assume panel mounting, 
rigid conduit to panel bulkhead, and ringing out 
circuits within the control panel. 





Use Shaded-Pole Motors 
for Those Not-Too-Critical 
Servo Systems 


THE GIST: Properly designed, the reversible shaded-pole motor represents a 
low-cost substitute for some of the more conventional servo components. 
With an external supply across its shading coils, it becomes a two-phase 
motor. With its rotor driven externally, it serves as an ac tachometer 
generator. Reasonably good performance and a low price offset its some- 
what higher power consumption in a number of commercial applications. 


<c. V. BULLEN, Barber-Coleman Co. 


In a shaded-pole induction motor, the quadrature 
field required to start and run the motor is obtained 
by encircling part of each pole with a short-circuited 
winding or shading coil. In the familiar unidirec- 
tional form of the motor, each shading coil consists 
of a heavy copper ring around the leading end of 
the pole piece. Although voltage induced in these 
coils (by changes in the field winding flux) is but 
a fraction of a volt, the current produced may be 
100 amps or more due to the negligible impedance 
of the copper. Thus magnetomotive force for estab- 
lishing the shading flux may be in the neighborhood 
of 100 ampere-turns or more. 

In the reversible shaded-pole motor, three sizes 
of which are shown in Figure 1, each pole contains 
two shading coils. Figure 2 illustrates the reversing 
operation. With switch S open, the motor will not 
run. When the switch is closed to the left, coils 
1 and 4 are shorted and a clockwise rotation results. 
Similarly, closing the switch to the right produces 
a counterclockwise rotation. 

Unlike the single-turn coils of the unidirectional 
motor, the shading coils of the reversible motor 
consist of many turns of fine wire. This, however, 
has no effect on the shading flux produced. Current 
in the winding will be considerably lower, but the 
number of ampere-turns will be the same. In prac- 
tice, these shading windings are designed so that 
the voltages and currents can best be interrupted by 
sensitive contact devices. 


Boosting the torque 


When the motor is used for servo applications, 
shading coil power is supplied by an external source, 
usually an amplifier, connected across the terminals 


CW and CCW shown in Figure 2. Thus power 
is applied to all four shading coils connected in 
series. Phase of this voltage, relative to the phase 
of the field winding voltage, determines the direc- 
tion of rotation. Strictly speaking, the motor is no 
longer a shaded-pole motor, but rather a two-phase 
induction motor, similar to other servo-type motors. 
With the connection mentioned, all four of the 
shading coils are energized simultaneously, com- 
pared to only two in the conventional connection. 
Furthermore, coil voltage is limited only by the 
allowable heating effect in the winding. As a result, 
the motor can produce considerably higher torque. 

As an example, the size A motor of Figure 1 has 
a continuous-duty stall-torque rating of only 0.03 
Ib-in. when one pair of its shading coils is shorted. 
Supplying all four of its coils from an external source 
increases this stall-torque rating to 0.125 Ib-in. with- 
out excessive heating. 

The table below lists characteristics of three re- 
versible shaded-pole motors and corresponding data 
for a typical small servomotor of the conventional 
two-phase type. The next to last line, comparing 
torque-to-inertia ratios, is a criterion often applied 
to servomotors. To establish a basis for comparison, 


COMPARATIVE MOTOR CHARACTERISTICS 





Shaded-pole motors Conventional 


2-@ motor 





Motor type Size A Size B Size C 








Reference winding Input, watts 8.5 13 27 10 
Control winding Input, watts 9 10.6 31 3 
Maximum no-load speed, rpm 3,100 3,000 3,270 1,550 
Maximum stall torque, !b-in. 0.125 0.185 0.62 0.169 
Rotor moment of Inertia, |b-in.? 0.0038 0.0057 0.0385 0.0081 
Torque-to-inertia ratlo 31.0 32.5 14.8 40.7 
Price (lots of 100) $5.76 $6.81 $24.02 $26.00 





JULY 1959 








all torque and inertia values have been referred to 
a maximum speed of 3,000 rpm. On the basis of 
input power required and torque-to-inertia ratio, the 
shaded-pole motor suffers in comparison to the con- 
ventional type. However, the shaded-pole motor has 
a definite price advantage and in many applications 
provides all the performance required. Whether or 
not such a motor can be used for a particular appli- 
cation then depends exclusively on system require- 
ments for accuracy, speed, stability, etc. 

Figure 3 shows typical speed-torque characteristics 
for a size B motor with various voltages applied to 
the shading coils. Curves are for a standard motor 
with high-impedance shading coils, suitable for use 
with a vacuum-tube amplifier. 

In operation, the motors produce maximum torque 
when field and shading currents are 90 deg apart. 
Since the field coil is more inductive than the shad- 
ing coils, the optimum phase angle between the two 
applied voltages is less than 90 deg. For the size A 
and size B motors maximum stall torque is obtained 
with a 40-deg phase difference; for the size C motor 
this optimum angle is 60 deg. These values were 
used to obtain the torque-speed curves shown here. 


Amplifier design 


When the motor is driven by a vacuum-tube 
amplifier, the shading coils are usually excited in 
phase with the field, since the amplifier normally 
introduces very little phase shift. The insertion of 


FIG. 1. 
Three sizes of reversible 
shaded-pole motors. 
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FIG. 2. Switch control 
for reversing rotation. 


phase-shifting networks could produce a torque in- 
crease of about 20 percent, but the amplifier gain 
would probably be reduced by at least this much. 

The design of an amplifier for this application 
poses no serious problems. First the output stage 
is sized to deliver enough power to produce the 
desired torque. Then a voltage amplifier is selected 
with sufficient gain to drive the output stage with 
the available signal voltage. To eliminate the need 
for an impedance-matching transformer, the im- 
pedance of the shading coils can be initially matched 
to that of the output stage. The motor winding 
can then be coupled to the plate of the output tube 
through an electrolytic capacitor and the plate cur- 
rent fed through a reactor. Elimination of the out- 
put transformer provides higher efficiency at lower 
cost. Also, a single-ended rather than push-pull 
output stage eliminates the use of a phase inverter. 
To increase the output, two tubes can be paralleled, 
but this will require a lower shading coil impedance 
to preserve the match. Figure 4 illustrates a typical 
amplifier designed to get economical operation from 
a size A motor. Since plate voltage is supplied by 
a voltage doubler, there is no need for a high-voltage 
transformer. A small filament voltage transformer, 
however, will still be required. This amplifier is 
actually part of a servo system in which the motor 
reproduces the position of a manually-operated po- 
tentiometer. The motor drives a follow-up pot 
through a gear train to rebalance the bridge circuit. 


FIG. 3. Speed-torque curves for a size B motor 
with a 3,500-ohm shading coil impedance. 











FIG. 4. An economical amplifier 
for driving the motor. 











FIG. 5. Three possible 
chopper circuits for 
converting de input signals. 
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To control a B or C size motor, output of the 
above amplifier can be doubled by using a second 
6BOQ6 in parallel with the first. In this case, shading 
coil impedance would have to be half as great as 
for a single tube. Current capacity of the rectifier 
and coupling reactor would be doubled, and the 
cathode resistor reduced to half its previous value. 

Where a de signal must control the motor, some 
means must be provided to convert this to ac. Usu- 
ally an inexpensive mechanical chopper will suffice. 
The circuits of Figure 5 show three ways in which 
a chopper may be connected. Circuit A uses an 
input transformer to provide some voltage gain and 
electrically isolate the input from ground. Circuit 
B eliminates the input transformer and circuit C 
compares two dc signals having a common ground. 

Since a considerable phase lag exists between the 
voltage applied to the chopper coil and the contact 
closure, it becomes necessary to advance the phase 
of the chopper driving voltage. One simple tech- 
nique consists of connecting the driving coil to its 
voltage source (usually the heater supply voltage of 
the amplifier) through a suitable capacitor as shown. 
The value of this capacitor should be such that the 
phase of the amplifier output signal produces maxi- 
mum torque from the motor. 
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FIG. 6. Transistor amplifier for size A motor 


Figure 6 shows an easily constructed transistor 
amplifier suitable for driving a size A motor. Here 
a pair of low-cost power transistors operating in 
Class B provide a 10-watt output. In order that the 
center-tapped reactor be used in place of an output 
transformer, impedance of the motor shading coils 
should be about 32 ohms. 


Current applications 


Among the commercial applications in which 
these reversible shaded-pole motors have been used 
successfully as servo drives are: digital voltmeters, 
digital voltage ratio meters, millivolt recorders, air- 
craft simulators, an x-y recorder, a microviscometer, 
and a remote indicating tank-level gage. 

More recently, the motors have been used as 
substitutes for ac tachometer-generators. In these 
applications rated ac voltage is applied to the main 
field winding. When the rotor is driven by some 
external means, a voltage proportional to speed is 
generated in the shading coils. Depending on the 
impedance of these coils, sensitivities of from 2 to 
10 volts per 1,000 rpm are possible. The voltage- 
speed characteristic in these cases has been found 
to be fairly linear between 1,000 and 3,000 rpm. 
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UNCONFUSED 


in both Electronic and Pneumatic 


Look to Taylor for Vision... 
Ingenuity... Dependability 


See your Taylor Field Engineer, or write 
for appropriate Bulletin. Taylor Instrument 
Companies, Rochester, N. Y., or Toronto, Ont. 


701J AC or DC Electronic Recorder 





—Compare these features . . . common to the 701J Electronic 


1. Ataylor ‘first’. On both 

Electronic (left) and 

Pneumatic (right) instru- 

ments, controller re- 

sponse adjustments are 

quickly and easily made 

from the front, where 

results can be watched. 

You can visualize imme- 2, All major components plug in. Even individual amplifier cir- 
diately all pertinent proc- cuits plug in. You can service all components and still stay on 
ess information — chart, control. AC and DC Recorders are completely transistorized; 
pen and set-point. unaffected by a supply voltage change up to +10%. 


lor Lnslruments 
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READABILITY 


instrumentation by Taylor 


© Simplest scanning of all . . . because 
chart record, pen and set-point are 
side-by-side. 

© Invites frequent reading . . . because 
target-type pens and pointers are 


easiest of all to see, even at a 
distance. 


i= 


{ 


© Operators make fewer mistakes . . . 
because all pertinent data is 

lined up. 

© You read the 4” chart from left to 
right—like a newspaper—on recti- 
linear coordinates. 


© All these features in a 6”’x 6” cutout. 


FRPP Pas PPP PAPO PsP PP PPP 
tumuulutu litt Motul 


Ban tome ia 90] TRANSCOPE* Pneumatic Recorder 





AC or DC Recorder and the 90J TRANSCOPE Pneumatic Recorder 


—a eG 


3. Plug-in Set Point Transmitters, parallel to and exactly match- 4, Powerful Servo Motors give more precise pen positioning 
ing chart range, permit comparison without confusion and than ever before. More accurate records. Unmatched threshold 
accurate adjustment of the control point. They can be removed _ sensitivity. Unparalleled power permits use of process alarms, 


for checking with only momentary interruption of record. new inking system and elimination of flimsy linkage. 
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Where to Look for 
Trouble in a 


New EDP Installation 


Putting electronic data processing to work is a bigger 


job than many companies bargain for. 


For one thing, 


it usually takes longer and costs more than is estimated. 
But experience with nearly a thousand machines of all 
sizes indicates that some of the pitfalls can be avoided. 
Here’s what to look for when your company plans to 


convert to electronic data processing. 


BEN CONWAY and D. E. WATTS 
Price Waterhouse & Co. 


A company installing a new electronic data processing 
system estimated a machine run would take 40 minutes, 
found in practice that it required two hours because 
tape records had grown 50 percent while tape utiliza- 
tion had 1 to 70 percent of the estimate. Another 
company planned to reduce its accounting force by 12 
people when a computer was installed, discovered after 
the machine was working that 5 of the 12 were doing 
unmechanizeable work which had been overlook dur- 
ing the preliminary study. In a third installation, an 
expensive computer was delivered as the program for 
the first application was almost ready; six months later 
the program was practically ready; three months after 
that it was finally running. 

These are just three out of the hundreds of un- 
‘neseganoy experiences suffered by organizations that 

ave attempted to convert to electronic data processing. 
In each case, expected savings from EDP have failed 
to materialize. And EDP, in many places, has earned 
an unsavory reputation. ‘Now, however, experience 
with nearly a thousand machines of all sizes indicates 
that many of the problems can be avoided if the right 
steps are taken at the right time. 

Putting the EDP machinery to work is a four-phase 
program: 

1) Preliminary studies to identify applications, select 
the equipment, and establish an implementation 
program. 

2) Assembling and training a staff to carry out the 
“oe program. 

) Designing the system in complete detail and 
re the programs. 
stallation and conversion. 
Fach of these phases is costly and time consuming. 


CONTROL ENGINEERING 


Yet if each is done well, EDP equipment can pay off 
handsomely. 


Preliminary studies 


Frequently, the major difficulties with EDP instal- 
lations stem from deficiencies in the preliminary studies; 
i.e., from overlooking, oversimplifying, or under estimat- 
ing. Here are some typical examples: 

¢ A feasibility study reported a job could be done in 
three computer runs. But the processing actually 
required 13 runs because the programs to do it in three 
runs were too big to fit in the memory. 

¢ What appeared to be a straightforward IDP input 
procedure, in which magnetic tape was to be produced 
as a byproduct of document typing, turned out to be so 
restrictive, sensitive, and error-prone that it had to be 
abandoned in favor of typing, key punching, and 
verifying—at three times the estimated cost. 

¢ Preliminary planning indicated that an existing 
card file (with 200,000 cards) could easily be converted 
to magnetic tape in 16 hours; but the cards, loaded 
with years of inaccuracies, X punches, and impossible 
code combinations, failed to pass the rigid clean-up 
tests of the conversion program. Conversion to tape 
actually took a major effort lasting over two months. 

Probably the best way to prevent such disparities is 
to organize the preliminary study team with both 
experienced systems and computer specialists. Although 
such a team cannot guarantee the validity of the con- 
clusions reached, it will avoid gross oversimplifications. 
If the right experience is not available in the company, 
it can be obtained by hiring qualified consultants—to 
conduct the study or to at least review the results before 
further action is taken. 

Because the preliminary study always involves as- 
sumptions, estimates, and approximations, the early 
work is subject to modification as details are finalized. 
These uncertainties and their possible effect on the con- 





2. 
STAFFING 
THE 
PROJECT 














Anticipating trouble starts with the preliminary study. Because such a study always 


involves assumptions, estimates and approximations, the early work is subject to 
continual review to determine how far and how fast the project should move. Next 
job is staffing the project. Better use of testing techniques is urged to get the right 
people on the EDP term, which should include computer specialists, system specialists 


and those in company operations being converted to electronic data processing. Then .. . 


clusions reached should be considered in deciding how 
far and how fast to proceed. 

No matter how thorough a preliminary study is, 
the overall economics and practicality of the EDP in- 
stallation should be reevaluated from time to time 
during the system design phase. All conclusions are 
regarded as tentative until the details of the system 
have been worked out. 

No firm commitments for machine delivery ought to 
be made until the system design and programming are 
well along. It’s almost impossible, using preliminary 
studies alone, to predict exactly when a company will 
be ready to accept delivery of a machine. 


Stafing the EDP project 


Managers of successful EDP installations indicate 
that they had in their planning and programming 
groups a few outstanding people who carried a large 
part of the load and without whom the job could not 
have been done. It is almost essential to have at least 
a few people of this caliber, and a company can't 
have too many. Finding these people and getting 
them transferred to an EDP team is no small job. 
Management support is most important in getting the 
right people = to the project. 

Once a capable staff has been assembled—and this 
can take months—the members have to be trained. 
Usually some people will know systems but not com- 
puters, others computers but not systems and still 
others have backgrounds in operating departments and 
know little or nothing about systems or computers. 

Most companies have found that it takes a long 
time to develop in a diverse group of this kind the 
knowledge and skills needed to do the job. The time 
can be shortened by selecting the best people available, 
but beyond this there are no known shortcuts. 

The fact that some individuals in a group of typical 
EDP draftees make remarkable progress and become 


mainstays of the project while others, seemingly as 
well-qualified, turn out to be virtually useless, suggests 
that testing and selection methods should be used 
more extensively. Unfortunately, many persons have 
been assigned to EDP projects by reason of their avail- 
ability rather than their suitability for the job. 

Some companies rely too heavily on manufacturers’ 
promises of programming help. Manufacturers’ pro- 
grammers can provide some valuable assistance, par- 
ticularly in the coding stage; but experience indicates 
that a company is better off to expect a manufacturer 
simply to deliver an operable machine approximately on 
schedule and then maintain it in working condition. 
It is unrealistic to expect the manufacturers’ people, 
who are unfamiliar with the buying company and its 
problems, to assums any significant part of the system- 
design responsibility. There is no satisfactory substitute 
for a well-qualified staff within the buying company. 


Designing and installing the system 


In the design and installation phases both manage- 
ment support and company education are required. 
Too many companies undertake an electronics study on 
a closed-shop basis: most departments, sometimes in- 
cluding management, get no idea of what the EDP 
team is doing and/or what it hopes to do. As it pur- 
sues its unannounced investigation throughout the com- 
pany, meeting apathy, suspicion, and opposition, rumor 
becomes rife and counter-proposals for other work-im- 
provement programs are made and have to be evaluated, 
eating up valuable time. 

In some cases, even where management had been 
sufficiently informed at the beginning of the program, 
the executives express dismay at the initial heavy in- 
vestment and the continuing costs with little immediate 
return. This indicates that a continuing education proc- 
ess is necessary to keep management informed of the 
progress of the work. One way of doing this is to ap- 
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. system design is started. First, management support is required to get policy 
decisions made quickly. A prime objective of most programs is integration. Good 
programming is a complicated art that cannot be performed by amateurs. And the 
programming group needs strong direction and coordination to avoid duplication of 


effort. Controls are top priority to the accouutant for successful continuous operation. 


point a top management electronics committee to which 
the data processing group can make regular reports. 


System design 


Such a top management committee is invaluable in 
avoiding another major source of trouble: getting policy 
decisions made. Electronic data processing programs cut 
across many departmental lines, and bring with them 
major organizational problems which the committee has 
to solve if the work is to proceed smoothly. The search 
into present methods may reveal inefficiencies and du- 
plications. Such inefficiencies can often be removed 
only at top management levels. Similarly, the best 
method of processing under the new system may de- 
mand new policy decisions. Unless these decisions can 
be made quickly and with authority, the program stands 
a good chance of bogging down. 

One of the prime objectives of most studies is inte- 
gration. Unfortunately this has generally been under- 
stood to mean consolidation of records. For example, 
one utility combined a master file for meter informa- 
tion and one for customer information which neces- 
sarily included some, but not all, of the meter informa- 
tion. In each computer run involving the consolidated 
master file, so much surplus information passed through 
the computer system that the resultant loss of time far 
exceeded that required to set up the two master files. 

The true concept of integration is making one unified 
system out of all the facets of a particular application 
—including all the clerical and peripheral work as well 
as the immediate data processing system. It is pointless 
to improve one portion of a system while leaving others 
alone. Extra inefficiencies can be added to the peri- 
pheral work in the name of improvements to the com- 
puter system. In some case, forms designed to facilitate 
input of information into the system actually doubled 
the work of some clerks prior to the input stage. Their 
jobs were not considered when the forms were designed. 

Another area that has created problems is preparing 
a punched paper tape at the point of entry of data 
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into the system for subsequent mechanical processing. 
The difficulties inherent in filing, reading, sorting, and 
guaranteeing the accuracy of such data are easily seen. 
But the difficulty of preparing data in the artificial word 
form imposed by most computer systems is not so 
clearly seen. Unless this fixed format is followed, the 
paper tape is useless as a computer input. Extra work 
and responsibilities are placed upon key punch clerks 
to record data in this unnatural form. 

Converting punched cards to magnetic tape appears 
to be a simple tasks. But frequently information in the 
cards is found to be in error, or control punches appear 
where they have no right to be. It often proves more 
economical to start the conversion process from scratch 
rather than to attempt to use existing files. 


Programming 


Good programming is a highly complicated art that 
cannot be performed by amateurs. And automatic pro- 
gramming, while it reduces time and effort, demands 
even a higher order of knowledge. But whatever the 
emphasis is on—even the dog work of coding—the need 
for skill is still there. 

Dr. Grace Hopper, one of the leaders in the auto- 
matic programming field, says that if the work of actual 
coding can be reduced from one year to one month 
by automatic coding techniques, the eleven months 
saved should be used for improving systems design and 
development, and not for advancing target dates. 

The programming group needs strong direction and 
coordination to avoid duplication of effort. At one 
large company, for example, several hundred lines of 
programming were reduced to about 80 when it was 
realized that each coder had written separate routines 
for closely related problems without regard for what 
the others may have written. Each routine contained 
the same basic core of instructions, which had been 
repeated many times. 

Associated with programming is the problem of effi- 
cient utilization of machine capacity. It is surprisingly 





Final phase is installation of equipment. Scheduling is of key importance; parts 
should arrive in the proper order. Nothing is more demoralizing than the premature 
delivery of computer parts. One phrase of conversion should not be undertaken until 
the previous phase has been completely “debugged”. Avoiding crash programs will get 
the computer working to the satisfaction of all segments of the company. 


casy to exceed computer capacity on all but the most 
simple programs; and the use of tapes or discs for 
storing extra program steps, to be called for as required, 
is time consuming and unwieldy. If the operations are 
at all complex and have many exceptions, the only 
answer is to cut down the all-inclusiveness of each com- 
puter run. Each run then becomes complete within 
the limitations of the computer memory capacity; ex- 
ceptions are placed aside and processed in one or more 
subsequent runs instead of calling in various program 
instructions during the regular routine. 

The use of the “calling-in” technique, known as 
“overlay”, raised time requirements about four times 
in one installation. The company finally had to reduce 
the number of processes attempted in any given run. 

From the accountant’s viewpoint, controls rate top 
priority. As the work proceeds automatically within 
the computing system, it is necessary to impose in- 
ternal controls to assure that input data is correct, that 
the computer system does not malfunction, and that 
the program does what it purports to do. But what 
constitutes adequate controls is questionable. At the 
start, the best idea is to use only as much control as 
is incorporated into the present system. Undercon- 
trolling can be disastrous, but from a time viewpoint, 
so can overcontrolling. 


Limit controls 


No controls should be added unless they are abso- 
lutely unavaoidable. In one installation, every item in 
a master file, whether it was active or inactive, was 
checked in each pass through the computer to see that 
its format was correct. The time required to process 
the master file when this unnecessary control had been 
removed was reduced to one-eighth of the original time. 

The accountant also wants to document a program 
fully, for without such documentation, an opinion on 
the accuracy and validity of the problem is incomplete. 
But this complete documentation is just as important 
to the data processing group and the company. It in- 


cludes block diagrams, broad and detailed flow charts, 
and recording of the actual coded program with an in- 
struction-by-instruction explanation. Even with thor- 
ough documentation it is difficult for one programmer 
to follow another's program. Without detail explana- 
tion, checking of programs becomes very difficult, modi- 
fications to the program become almost impossible— 
and the company is vulnerable to personnel turnover. 


Installing the System 


Scheduling is of key importance. The great cost 
of a computer system generally precludes the use of 
standby equipment, so that all the work must be 
channeled through one machine. Priorities, based on 
policy decisions which the electronics committee, pre- 
viously mentioned, should be able to make, must be 
established for processing. Breakdown presents very 
special problems: the manufacturer has to guarantee 
adequate maintenance and alternative facilities. 

Each portion of the program has to be very care- 
fully checked out by running it in parallel with the 
existing procedures and comparing results. Program 
errors are then corrected, either in a patchwork fashion, 
or by rewriting the entire program. One phase of con- 
version to the electronics program should not be un- 
dertaken until the previous phase has been “debugged”. 

No program should be put through a computer un- 
less a programmer or someone who thoroughly under- 
stands the program is present. A logical system for 
locating program errors should be designed for the con- 
sole operator. 

Tremendous problems are created when the equip- 
ment is delivered before the company is fully ready for 
it. Everything is put on a crash basis, which brings with 
it inherent inefhiciencies. The company should estab- 
lish a reasonable program for delivery, but not hesitate 
to delay delivery if circumstances demand it. Nothing 
can be more demoralizing to management or the elec- 
tronics group than to have a computing system deliv- 
ered before it can be used. 
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Tubexperience in action 


Bellows courtesy Clifford 
Manufacturing Company, 
Boston, Mass. 


750,000 flexures without failure 


—a common performance record for bellows 
formed from Superior Thin-Wall Tubing 


Bellows, more sensitive than spirals and better adapted to 
accurate measurement of pressure and vacuum, or absolute 
pressure in the low and intermediate range, must withstand 
thousands of flexures without failure. The tubing from which 
they are made must be highly uniform in physical and me- 
chanical properties and must have the invariably smooth 
surfaces that contribute so much to good fatigue life. It must 
be extremely ductile—forming pressures run as high as 
5000 psi. Brazing operations used to fasten it to another 
assembly may subject it to temperatures up to 1800°F. It 
must have excellent corrosion resistant characteristics. And 
it must be free of carburization, dents and pickups that 


lead to premature fatigue failure of the bellows in service. 


Thin-wall tubing of this quality—usually under .010 in. max. 
wall thickness and held to a tolerance spread of only one- 
thousandth inch—requires the skills and facilities of tubing 
specialists. Superior maintains production standards fully in 
keeping, employs special handling procedures, uses special 
controlled-atmosphere furnaces to provide the uniformly 
annealed tubing demanded. Superior tubing is produced in a 
wide range of analyses, in both Seamless and WELDRAWN® 
types, and to specified IDs, ODs and wall thicknesses. 


Bellows tubing is just one of many types supplied by Superior. 
Available are more than 120 analyses, in a wide range of sizes, 
and meeting almost any requirement. For a good glimpse of 
the field covered by Superior, send for Bulletin 41. Superior 
Tube Company, 2026 Germantown Ave., Norristown, Pa. 


Syoerrar Jube 
The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 242 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California ¢« FIRST STEEL TUBE MILL IN THE WEST 
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A Short Guide 
to Electrically-Signalied 
Valve Actuators 


The increasing use of electronic control systems by one means or another, convert an electrical 
in process instrumentation (see CtE Special Re- input signal into a particular valve position. As 
port, November 1958) has directed considerable a design aid, the following table lists perform- 
attention to the hardware for such systems. Of ance characteristics and prices for 18 electrically- 
particular interest are the valve actuators which, signaled actuators on the market today. 





NO-LOAD MAXIMUM — STALLED LINEARITY, FREQUENCY UNIT 
MANUFACTURER —. STEM STROKE, THRUST, PERCENT aol —" RESPONSE, PRICE, 
U . ty INCHES POUNDS WITHIN CPS DOLLARS 





20,000 ELECTRO- 12.5 0.625 4,140 10 POTENTIO- 40 1,600 
HYDRAULIC 4 METER . 


THE ANNIN CO. 








30,060A  ELECTRO- 0.58 0.75 3,400 2.0 RATE 270 
PNEUMATIC SPRING ; 





LD-62XD ELECTRO. 0.1 2.0 600 1.0 

MECHANICAL SPRING 495 
CONOFLOW 
CORP. B-5OXE  ELECTRO- 1.0 1.0 FORCE 
PNEUMATIC BALANCE (NOTE E) 











340 ELECTRO- 0.1 2.0 FORCE 0.44 00 

FISHER HYDRAULIC ‘ BALANCE _— (NOTE A) 

GOVERNOR 0-50 

co 350 ELECTRO- : ; FORCE 08 450 
HYDRAULIC BALANCE _— (NOTE A) 











HYDRA- ELECTRO- . 5.0 i POTENTIO- 
MOTOR HYDRAULIC METER 





GENERAL TORK- ELECTRO- , NO LIMIT . POTENTIO- 


CONTROLS MASTER MECHANICAL METER 





DM-4 ELECTRO- 180 DEG } POTENTIO- 
MECHANICAL METER 








697 ELECTRO- 0.12 1.5 . FORCE 
HYDRAULIC BALANCE 








698 ELECTRO- 0.1 1.5 FORCE a1 
GPE HYDRAULIC 5, BALANCE 
CONTROLS 
INC. 684-25 ELECTRO- 0.5 2.0 FORCE 87 
HYDRAULIC BALANCE 














684-50 ELECTRO- 0.7 2.0 } FORCE 07 
HYDRAULIC BALANCE , 





4-181RL — ELECTRO- 0.3 4.0 a FORCE 


HYDRAULIC Balance 40 
MANNING, MAXWELL 


& MOORE, INC. 








4-181RH —ELECTRO- 0.16 4.0 ’ FORCE 10 
HYDRAULIC BALANCE ; 





MASON-NEILAN DIV., 250 ELECTRO- 0.3 4.0 , DIFF 


10 
WORTHINGTON CORP. HYDRAULIC (NOTE D) FORMER 


(NOTE B) 


NORWOOD CONTROLS ELECTRO- 0.15 j 1-5 POTENTIO- 1.5 
MECHANICAL ma METER (NOTE C) 








THE SWARTWOUT CO. 72D ELECTRO- 0.1 A 300 1-5 FORCE 
VAPOR ma BALANCE 








NOTES: A—Response at 90 deg phase shift, full stroke D—Operates on any commercially-available input 
B—Depends on input; flat to approximately 1.0 cps E—Price to be available very soon 
C—Response given for 3 percent of stroke 





Magnetic Core Buffer Memory Sets New 
Design Standards for Data Handling Systems 








80% Saving 
in Panel. Space! 


















































Requires only 5%" of Space in a 19” Rack 


From General Ceramics—Four new magnetic core buffer memories 
that are setting new design standards among data handling system designers 
requiring increased efficiency in smaller physical packages. 


Now available in either random access or sequential designs: 


144 M4A — 144 characters in 9x16 array with a word length of four bits. 
144 MSA — 144 characters in 9x16 array with a word length of eight bits. 
S512 MSA — 144 characters in 16x32 array with a word length of eight bits. 
1024 MS8A—1024 characters in 32x32 array with a word length of eight bits. 


Design Features Include— 


1. SPACE-SAVING — Require only 54%” of standard rack space satisfactorily under higher ambient temperature conditions. 


- ++ permit smaller overall system design. 4. EASE OF MAINTENANCE — Ali components are within easy 

2. VARIABLE CHARACTER AND BIT LENGTHS — Unique de- reach. All circuits are on plug-in cards except power supply 
sign of driver circuit permits circuitry of existing data han- which is hinged across the back; swings out for easy 
dling system to be enlarged without costly redesign. accessibility. 


3. HIGHER OPERATING TEMPERATURE RANGE — Contributes 5. EXTRA FEATURES—All units are equipped with an elec- 
to miniaturized system design because memory functions tronic clear and output register at no extra cost. 


Complete detailed technical information will be supplied 
promptly on request. Please address inquiries to Dept. CE. 


Applied Logics Division 
GENERAL CERAMICS CORPORATION 


KEASBEY, NEW JERSEY, U.S.A. 
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Mechanical Feedback Improves 
Hydraulic Servovalves 


Making hydraulic and hydromechanical 
feedback elements integral parts of 
electrohydraulic servovalves produces a 
family of control components with a 
wide range of dynamic characteristics. 
In a system, these components improve 
performance and simplify construction. 


JOHN W. BLANTON and SAMUEL A. GRAY 
Hydraulic Research & Mfg. Co. 


Figure 1 diagrams the manner in which feedback 
ought to be applied to electrohydraulic servovalve- 
actuator systems. The transfer functions shown are 
typical for a flapper-nozzle type valve. The closed- 
loop transfer function for such a system is 

7. G: Gs Ge 


Al ~"“TFGGGQG; 


(1) 


Position servo systems 


The electrohydraulic servovalve (G;, G2, and Gs 
in Figure 1) is often used with position feedback 
from a separate actuator to form a position servo sys- 
tem. The feedback is commonly electromechanical, 
using electric summation of the signal from a po- 
tentiometer on the actuator output with the input 
signal to the torque motor. Though not as common, 
the all-mechanical feedback diagrammed in Figure 1 
is better because the actuator will return to a pre- 
selected null in case of an electrical failure. Such 
a “fail-safe” characteristic can be extremely im- 
portant. It could easily avert a tragedy, for example, 
that could be caused by position controls on the 
control surfaces of an aircraft jamming hardover on 
loss of an input signal. 

Mechanical position feedback can be applied as 
shown in Figure 2, where G; = K;y. The overall 
closed-loop transfer function in this case becomes 
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FIG. 1. Block diagram of integrated servovalve-actuator-feedback control system. 


In an integrated servovalve-actuator-feedback sys- 
tem, the feedback link and spring can be kept short 
and light and thus insensitive to vibration and ac- 
celeration. The dynamic performance of such sys- 
tems is comparable to or better than electronic 
feedback systems with similar system gains. 

The position servo system of Figure 2 uses the 
common flow control servovalve, in which displace- 
ment of the flapper from null (spool centered) 
position causes an increased flow through one nozzle 
(and decreased flow through the other). Increased 
nozzle flow causes increased pressure drop through 
the fixed orifice and vice versa, and thus, a pressure 
differential across the ends of the spool. The spool 
moves until the differential force due to the centering 
springs balances the force due to the differential 
pressure times the area of one end of the spool. 
The spool deflection is linearly proportional to dif- 
ferential current in the torque motor coils, causing 
a proportional oil flow rate to the actuator. 


Rate servo with hydromechanical feedback 


Applying rate feedback around a servovalve and 
an actuator is a different problem. The mechan- 
ical solution in this case is to use a piston with a 
calibrated fixed orifice in series with the load flow to 
drive the feedback spring instead of the simple link 
(see Figure 3). The feedback function G, is 


8 
rs + 1 


and the overall closed-loop response is 


G, = K;- (3) 
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The spring-centered piston with the by-pass orifice is 
the hydraulic equivalent of an electrical high-pass 
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FIG. 2. Position feedback applied to a flow control servovalve 

by link and spring from actuator to flapper. 
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FIG. 3. Piston with by-pass orifice for feedback of 
actuator velocity to flapper. 


filter network. Since the flow O into the actuator is 
proportional to the actuator velocity dx, /dt = O. 
This flow develops a pressure drop across the orifice 
proportional to the flow rate or actuator velocity 


dX p 


AParitice * at (5) 


‘The orifice pressure drop in turn develops an unbal- 
ance force across the piston which is balanced out by 
a force proportional to the spring rate of the center- 
ing springs times the piston deflection. 
, ws Q aw 2X2 
AY = AP =Q di (6) 


The deflection of the piston is fed back to the servo- 
valve flapper via the feedback spring, Figure 4, to 
develop a force on the flapper. This force, in phase 
opposition to the initial error generating signal from 
the torque motor, produces a negative signal pro- 
portional to the system actuator velocity. Since the 
piston is spring-loaded to center and has a by-pass 
orifice, the washout or decay characteristic of an R-C 
network is achieved by the piston being returned to 
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FIG. 4. Velocity feedback using piston of Figure 3 
requires modified porting of flow-control valve. 

































































FIG. 5. Hollowed valve spool plus area reduction of outside 
end faces provides pressure summing for pressure-control valve. 
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FIG. 6. Combination of flow control and pressure control 
techniques produces power-control servovalve. 
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neutral by the springs forcing the entrapped oil on 
one side of the piston through the orifice. 
Piston displacement Y is related to actuator dis- 
placement X, by: 
Y ce - 


xX» nm 8 +1 7) 


which is the dynamic response required to generate 
the velocity feedback characteristic. 
The time constant, r, is: 
Ci A pr 
- =ane 


~ Ae Kym 


y 


where proportionality constant 


piston area 

orifice area 

centering spring rate 

constants 

The feedback gain C is controlled by the rate of the 
feedback spring. 

The principal advantages of this system are the 
elimination of a servo amplifier, feedback potentiom- 
eter, power supply and derivative network, substan- 
tial savings in testing, and greater overall reliability. 


CQ 
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‘This system has been applied in the speed-contro] 
loop of a hot-gas turbine power supply, where the 
turbine speed must be controlled very closely for 
large changes in turbine load. Other applications are 
pending in jet engine speed control and rocket en- 
gine thrust control, where both static and dynamic 
errors must be limited to very low values. 


Feedback modifications of 
servovalve performance 


Feedback may also be incorporated within the 
basic servovalve to provide various commanded func- 
tions. ‘The electrohydraulic servo control valve is 
essentially a multi-stage transducer and power ampli- 
fier. Electrical power in the milliwatt range is trans- 
duced to mechanical and hydraulic horsepower with 
a response time of a few milliseconds. By means 
of the basic torque motor and nozzle flapper pres- 
sure control stage, and relatively simple modifica- 
tions, the controlled variable output of the servo- 
valve can be made to be hydraulic flow rate, hy- 
draulic pressure, or hydraulic power. 

The basic flow control servovalve has been de- 
scribed in connection with the position and rate 
servos. A pressure control servovalve is a relatively 
minor modification of the flow control configuration. 
If, as shown in Figure 5, the spool centering springs 
are eliminated and pressure summing areas added to 
the ends of the spool, the cylinder port pressures 
can be fed back to the pressure summing areas out 
of phase with the first stage pressures such that the 
differential load pressure is directly proportional to 
the input coil current. 

A hydraulic power control valve, Figure 6, is sim- 
ply a combination of a pressure control and flow con- 
tro] servovalve. Inasmuch as hydraulic power is 
equal to the product of flow rate and differential load 
pressure, a servovalve which produces a product of 
output flow rate and pressure proportional to input 
current, qualifies as a hydraulic power control device. 

Figure illustrates the input-current/load-flow 
characteristics of flow-, pressure-, and power-control 
servovalves. 

The three basic servovalve configurations can be 
applied as follows: 

e The hydraulic flow control servovalve, the most 
common version, finds use in servo systems from the 
instrument range up to high power systems. Typical 
applications are in aircraft power controls, missile 
controls, missile launcher tracking systems, tank tur- 
ret controls, automatic tuning systems, etc. 

e The pressure control valve is used in systems 
which have substantial load inertia forces. Flow con- 
trol valves are essentially pressure switches because 
of their extremely high pressure gains, and when used 
in servo systems with high inertia loads have a tend- 
ency toward instability. The characteristic of the 
pressure contro] valve to modulate the force applied 
to the load as a function of input current greatly 
alleviates the destabilizing effects of load inertia. 


© ‘I'he power control servovalve has been developed 
to provide a compromise between the pressure con 
trol and the flow control servovalves. Its pressure 
gain is higher than that of a pressure control valve, 
thereby reducing any static position errors due to 
large static load forces; yet pressure gain can be 
reduced as much as is desired to produce the neces- 
sary force integration or load damping for system 
stability. Applications for the power control valve 
are typically power servo systems such as rocket en- 
gine position controls, missile launching and tracking 
systems, and fire control servo systems, where large 
load inertias are present. 

Experience with production applications of inte- 
grated hydromechanical servo systems has shown that 
the system simplifications due to elimination of elec- 
tronic components pays dividends in overall system 
reliability. Generally it can be demonstrated that 
on a production system savings are possible in weight 
and space and in extensive component and subsystem 
tests, with these hydromechanical techniques. 

In addition, criticisms of them on grounds of in- 
flexibility are not valid. It is completely possible 
and practical for the customer to make loop gain 
changes of 10:1 or greater by simple adjustments. 
The electronic approach may be better in the initial 
breadboard development phase; however, a thorough 
analysis of the merits of simplified integrated con- 
trol packages should be made for production systems. 


FIG. 7. Input current vs. load flow for 
A—flow-control servovalve; 
B—pressure-control valve; 


C—power-control valve 
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Get sinusoidal output from a 
+1% static-magnetic stabilizer for 
the cost of voltage regulation alone 
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INPUT to CV Transformer: Available point-of-use voltage may vary widely because of line switching 
disturbances, intermittent in-plant demand. input voltage i/iustrated varies over the range of 95v to 130v. © 
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OUTPUT from CV Transformer: Output voltage is regulated within 
‘ ~ +1% of 118v output rating despite input voltage swings as great as + 15%. t 
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Sola now offers sinusoidal output in every standard-type 
regulator with no price premium. This development — 
a result of major design and production innovations — 
greatly widens the field of use for static-magnetic voltage 
regulation. The new standard sinusoidal design is now 
ideal for use with electrical and electronic equipment 
requiring a regulated input voltage with commercial sine 
wave shape — especially where harmonic-free supply 
had previously been too costly. The sinusoidal output 
also contributes to ease of selection and ordering, since 
this Sola stabilizer is virtually universal in application. 


The Sola Standard Sinusoidal Constant Voltage 
Transformer provides output with less than 3% rms 
harmonic content. It automatically and continuously 
regulates output voltage within +1% for line voltage 
variations of +15%. Average response time is 1.5 cycles 
or less. The new line includes nine stock output ratings 
from 60va to 7500va. 


Besides the improved electrical characteristics, these 
units are substantially smaller and lighter than previous 
models. Size and weight reductions were accomplished 
without any loss of performance or dependability. 
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With the Sola Standard Sinusoidal Constant Voltage 
Transformer you also get all the proved benefits of a 
static-magnetic regulator. It is simple and rugged. 
There are no tubes. . . no moving parts . . . no replace- 
able parts. Maintenance and manual adjustment are 
not necessary. 


Its current-limiting characteristic protects against 
shorts on the load circuit. It is available in step-up and 
step-down ratios, allowing substitution for conven- 
tional, non-regulating transformers. These units can be 
used in any electronic or electrical application requiring 
a regulated sinusoidal power source where the peak 
power demand does not exceed the capacity of the con- 
stant voltage transformer. Circuit design formulae 
based on sinusoidal wave shape are directly applicable. 
Custom units to specific requirements are available in 
production quantities. 

Write for Product Bulletin 26G-CVS. 
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A Division of Basic Products Corporation 
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OUTPUT from CV Transformer: Oscilligram of output 
from same CV transformer uses expanded horizontal scale 
to picture commercial sine wave shape retained by output. 


New Prices of Sola Standard Sinusoidal 
Constant Voltage Transformers 


23-13-060 
23-13-112 
23-13-125 
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23-13-210 
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Interconverting Frequency 
and Transient Response 


Interconversion of frequency and transient response is easy with the two 
sine and cosine cursors presented here by Dr. Rosenbrock. A six-step 
example shows that plotting one frequency-response graph and summing 
intercepts from the cursor is all that is needed to obtain transient response. 


H. H. ROSENBROCK 
Constructors John Brown, Ltd., England 


Any stable linear system can be described mathe- 
matically in two ways: 

1. The output corresponding to a sudden unit 
change of input may be given—this is the transient 
response. 

2. A sinusoidal input may be applied, and the 
steady response of the system given in amplitude 
and phase angle at all important frequencies—this 
is the frequency response. 

Transient response usually gives a clearer picture 
of the behavior of the system than does frequency 
response and is often easier to measure experimen- 
tally. On the other hand, frequency response is easier 
to calculate. It is therefore an advantage to have a 
method for converting one description quickly and 
easily into the other. 

In describing the system by a transient response 
the variable is time, while frequency is the variable 
in frequency response. The mathematical formula 
giving the first in terms of the second is (in one of its 
several forms): 


© : 
f@®) =H (0) + 3 af 18 (Joo) cos wt dw (1) 
Ca P w 


Here f(t) is the transient response, H(jw) is the fre- 
quency response expressed in the usual way as a 
complex number, and IH(jw) means that only the 
imaginary part of H(jw) is to be taken. 

Equation 1 deserves careful attention. If t is 
given—say t = 2 sec—then the integral at the right 
presents no difficulty, and it can be calculated ap- 
proximately by a number of graphical or numerical 
methods. But this gives only one point on the 
transient response f(t). A fresh evaluation of the 
integral is needed for each new point of f(t), and 
each time the integrand will be a different function 
of w. The usual graphical methods demand that a 
new curve be drawn for each value of t; this is the 
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chief stumbling-block in the way of a simple and 
quick method for making the conversion. 

Changing the variable in the integral from to 
log » overcomes this difficulty and Equation 1 then 


becomes: 
eo 


IH (jw) cos wt d (log w) (2) 
wo 
Then IH(jw) and cos » are plotted against log w, as 
shown in Figures 1A and 1B. If now the curve of 
cos w is moved a distance log t to the left and is 
superimposed on the curve of IH(jw), it represents in 
its new position cos wt, Figure 1C. Multiplying the 
values of the two curves and taking the area under 
the resulting curve will then give the value of the 
integral in Equation 2 at time t. This procedure 
has still to be carried out once for each value of t, 
but the two curves IH(jw), and cos w do not change 
their form when t is changed. All that is needed now 
is an easy way to carry out the multiplication and to 
determine the resulting area. 

Figure 2 shows a practical way to make use of this 
idea. On a transparent cursor are ruled a number of 
vertical lines, each with an evenly-divided scale. 
(Two-color plastic cursors, 9-by-13 in., available, see 
note, page 120.) The distance between divisions 
on each scale is inversely proportional to cos », and 
if cos w is positive the part of the vertical line above 
the horizontal zero line is solid and the part below 
is dashed. If cos w is negative the dashed part of 
the vertical line is above the zero line and the solid 
part below. 

If the cursor is placed over a graph of IH(jw) 
against log w and the number of divisions on a ver- 
tical scale are counted between the zero line and 
the graph, then this number will give IH(jw) cos wt 
at that point. If the vertical scale is solid, then this 
contribution to the integral is positive; if the scale 
is dashed the contribution is negative. The sum of 
all these contributions from the vertical scales, tak- 
ing account of sign, is an approximation to the 
integral in Equation 2. 

The cursor carries a scale of t running from 1 to 
10. This is read against » = 1 on the graph of 


2 
f) = H (0) + — 





IH(jw); or against » = 10", and the reading divided 
by 10". For example, if 2 on the scale lies over o = 
100 then t = 0.02 sec. The scale of Figure 2 is 
correct for use on the graphical charts in Figures 
1A, 1B, and IC, 

Several items need watching. First, the dimen- 0507 1 
sions on the cursors are chosen so that the constant w, rod per sec 
in front of the integral is 200/7. Thus to obtain the 
integral required in Equation 2 the results from the 
cursor must be divided by 100. This assumes that 
the vertical scale used for IH(jw) is the same as that 
shown in Figures 1A, 1B, and 1C—if not, due allow- 
ance must be made. Second, it is convenient to ar- 
range things [by plotting —IH(jw) instead of IH(jw) 
where necessary] so that the largest area of the curve 
lies above the zero line. When this is done a nega- 
tive result from the cursor will always indicate that 
f(t) has overshot its final value. Third, if the curve 
of IH(jw) overhangs to the right of the cursor, no 
allowance need be made for the omitted part. If it 
overhangs to the left of the cursor, or stops short 0507 1 
within the grid at the left or on one of the six nearest w , rod per sec 
vertical lines, certain rules apply: 

Rule 1: If IH(jw) behaves at low frequencies like 
w, add five times the reading from the last vertical 
scale on the left cut by the graph. 

Rule 2: In general, if TH(jw) behaves at low fre- 
quencies like »,, add [(5.5/n) —0.5] times the read- 
ing from the last vertical scale. 

As a short hand notation: 

C {IH (ja)} 
can represent the result of drawing a graph of 
IH(jw) and using the cursor on it (with a selected 
value of t) as described above. Then Equation 2 can | 
be written simply as: 4 } 
f() = H(0) + 1/100 C {TH (jw)} (3) “a. 
It will be noticed that in this method only one w, rad per sec 
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FIG. 1. Derivation of the method. 
A—graph of IH(jw) plotted against 
log ©; B—cos » plotted against log 
w; C—when 1B is moved a distance 
log t to the left and superimposed 
on 1A the value of cos w t at each 
point can be determined 
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FIG. 2. The cosine cursor drawn to 
the same scale as in Figure 1. The 
horizontal scale represents t= 1 to 
t= 10 
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graph has to be drawn; the different values of t are 
introduced merely by sliding the cursor to left or 
tight. To obtain a new point of f(t) it is only neces- 
sary to add up a new set of intercepts read from the 
cursor. 


Step-by-step example 


A position-control servo system has the closed-loop 
transfer function: 
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FIG. 3. Step 2 in interconversion on a position-con- 
trol servo system is the plotting of—IH(j) against log . 


TABLE—RESULTS FROM CURSOR FOR 
T = 15 SEC 


Dashed (negative) Solid (positive) 
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alanwnoonweenean 


—56.4 
16.5 


_ 


—39.9 


* Five times the last figure (0.7) read from the cursor. 
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1 
5p + isp + Bp +1 © 
Step 1 The value of H(jw) is obtained by replacing p 


in this expression by jw, so that, remembering j? = 
—1, the result is: 





H(p) = 


1 ; 
4Ge) = -R—S F Bje FI 6) 





1 
~ Gl — 180%) +73 Bw — 15a) 





oe (1 — 180") — 7 (8 — 15e*) — (7) 
[((1—18*) +7 (8@—155)] [((1 — 18w*) —7 (80 — 15*)] 





_ (1 = 180%) — j Bw — 15a) @ 
~ (1 = 180)? + Be — 1504)? ) 
Here the fact that (a + jb) (a — jb) = a? + b? has 
been used to get rid of j from the denominator. The 
imaginary part of H(jw) is thus: 





3e — 15a* 
(1 = 186%)? + Be — 1504)? @) 
Step 2 This expression, with its sign reversed, is 
plotted against log in Figure 3. 
Step 3 The point on the transient response where t 
= 15 sec is now obtained by placing the cursor over 
the graph of —IH(jw) with its zero line coincident 
with the zero line of the graph and with 1.5 on the 
horizontal scale over » = 0.1. 
Step 4 The intercepts of the graph on the vertical 
scale of the cursor are shown in the table at the left, 
starting from the right. 
Step 5 By counting them positive if the intercept is 
on a solid scale of the cursor, and negative if the 
scale is dashed, the intercepts are added to give: 


C { —IH (jw)} = — 39.9 


IH(jw) = — 





so that 
C {1H (jw)} = 39.9 = 40. 


Step 6 The zero-frequency point is obtained by put- 
ting » = 0 in Equation 5, giving H(0) = 1. Then by 
Equation 3: 

f (15) = 1 + 40/100 = 1.40 (10) 


Since the greatest area in Figure 3 is above the zero 
line, the result minus 40 from the cursor represents 
an overshoot of 0.40. 

The intercepts in the table are written down, 
starting from the right-hand side of the cursor. On 
this side the graph becomes zero within the area of 
the cursor and no difficulty arises. At the left-hand 
side of the cursor the graph has a long tail extending 
across the grid. This tail can be taken into account 
quite simply without adding up all the small inter- 
cepts which it makes on the vertical scales of the 
cursor, and without even drawing it in. It is evi- 
dent from Equation 9 that when o is small IH(jw) 
=3. Then, following Rule 1, add up the intercepts 
until the sixth vertical scale from the grid, where the 
intercept is 0.7. The whole of the rest of the tail 
will contribute five times this amount, or 3.5. 

The grid at the left of the cursor must be con- 
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t, sec 


FIG. 4. The curve shows a mathematical solution for the tran- 
sient response of Figure 3. The crosses compare results ob- 
tained by using the cosine cursor with those from an analyti- 
cal method. 


sidered to extend indefinitely to the left. To find 
the response at t = 0 the whole of the graph of 
IH(j#) must be under the grid. In practice a part 
of the graph is dealt with and the cursor is then 
moved to bring a new region under the grid. 

Analytical methods of determining the transient 
response for this simple example give: 

f () = 0.0613 exp (—1.0714 1) + (11) 

(0.9387 cos 0.2410 t+-0.5093 sin 0.2410 ¢t) exp (—0.0643 1) 
The two results are shown by the graph in Figure 4; 
the crosses show points obtained from Figure 3 by 
means of the cursor. In this example the analytical 
solution requires little more work than the graphical 
method. As H(j#) becomes more complicated, how- 
ever, the analytical solution rapidly becomes more 
difficult, while the work required by the graphical 
method increases only slightly. 

If the closed-loop response is given as a gain A 
and phase ¢ (both functions of frequency) then 
IH(jw) is simply A sin ¢. Work can often be saved 
by obtaining IH(jw) for the closed loop from open- 
loop data. Graphical methods for doing this are 
given in Refs. 1 and 2. 


Frequency response from 
transient response 


The reverse transformation _ is 
given by this formula (among 
others) : 

H (jw) =f (@) (12) 


© 
tof [f (®) —f (@)] sin wl dt 
tia f [f (0) —f (©)] cos wt dt 


To evaluate this the cosine cursor 
already described is needed as well 
as a second cursor based on sin w 
instead of cos w. Details of the sine 


last vertical scale. 
If the result of using the sine cursor is denoted by 
S, then Equation 12 is equivalent to: 


To 


H (jw) =f (>) + sap IS {tf —F(@)I} (13) 


+jC {tif @ -f(-))}}] 
Thus by plotting the graph of t[f(t) —f ( c ) | against 
log t, and using successive applications of the sine 
and cosine cursors with a given setting of » on the 
horizontal scale, H(jw) for this value of » is deter- 
mined as in Equation 13. 
Care must be used with Equation 13 because 


C{af(t) — f()]} and S{as@) — f(@))} 


should both tend to zero as » tends to infinity. 
Owing to inevitable errors they will not decrease 
below a certain value (about | or 2 percent of their 
maximum) and on multiplying by » the error in 
Equation 13 may become large. Thus Equation 13 
is only suitable at the low-frequency end of the 
response. ‘This difficulty is inherent in the problem 
because f(t) contains less precise information about 
the response at high frequencies than it does about 
the low-frequency response. A better formula, where 
it can be used, is: 

H (jw) =f (0) 


+ ant [e ‘ = f cw = £8 \ 4 f@ \ (14) 
In this equation f(0) should be evaluated just after 
t = 0, and a jump in f(t) at t = 0 should be ignored 
when calculating d/dt f(t). The differentiation in 
Equation 14 may be troublesome, but there are two 
situations where the formula can be useful: 

1. Where the response h(t) to a unit impulse is 
available. Since h(t) = d/dt f(t). Equation 14 
can easily be used. 

2. Where f(t) is calculated numerically, and can 
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cursor are shown in Figure 5. In 
using the sine cursor, the allowance 
to be made if the curve runs over 
the left-hand side is [5.5/(n + 1) 
—0.5] times the reading from the 
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Sine cursor. 























FIG. 7. Graph of t d/dt f(t) against 
log t, where the curve was obtained 
by numerical differentiation of the 
results from the computer. Ordi- 
nate is not to scale of Figures 2 and 
5, but abscissa is. 


FIG. 6. Transient response f(t) of 
the top plate of a five-plate enrich- 
ing section to a step-change of feed 
composition. The response was cal- 
culated using a digital computer. 




















H (jw) 


FIG. 8. Solution of the frequency 
response H(j#) corresponding to 
Figure 6. The graph and points 
show a _ mathematical solution 
Crosses show results obtained from 
Equation 14, circles highlight the 
upper frequency errors occurring 
when using Equation 13 


Real port of 








Imaginary part of jw) 


therefore be differentiated without difficulty. ‘This 
approach was used in determining the calculated re- 
sponse of a distillation column to a sudden change 
of vapor feed composition in Figure 6. The result 
was obtained by integrating the appropriate set of 
differential equations on a digital computer (Ref. 
3). After numerical differentiation the required 
curve of (t d/dt ft) is obtained as in Figure 7; then 
by using Equation 14 the points of the frequency 
response shown by crosses in Figure 8 are found. 
The line in Figure 8 shows the true frequency re- 
sponse calculated by another method, while the 
circles show results obtained from Equation 13. The 
increasing errors in the results of Equation 13 at high 
frequencies are well shown—they would not in fact 
lead to confusion, for it becomes clear in using the 
cursors that the result is spurious. 
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Note: 
The cursors described in this article, as well as matching 
graph paper, are available from W. Johnson & Sons, 187 
Tottenham Court Road, London, W.1, England. Sine 
and cosine cursors—40/-each; graph paper—14/per pad 
of 25 sheets. 
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THE ELECTROCHEMICAL RELAY: 


A Remarkable New 


Switching Form 


Since its very beginning, the concept of static 


switching has drawn on two of the fastest-moving 


sciences of the era: magnetics and solid-state 


physics. Now from a different and most 


unlikely direction (electrochemistry) comes the 


JOHN D. COONEY 
Control Engineering 


latest component for making and breaking electrical 


circuits without the use of contacts. 


What it is: 


The headpiece picture dramatically shows the 
simple design of a promising new control compo- 
nent—the electrochemical relay. The two large 
plates are the main electrodes or “load contacts”, 
the rod in the center the control electrode. The 
housing is a block of glass or inert plastic having a 
completely sealed, hollowed-out chamber. ‘This 
chamber contains a liquid electrolyte that covers 
the three electrodes. The uncomplicated unit built 
from these few elements is capable of controlling 
the flow of alternating current to external loads 
without the use of moving parts. The control means 
is a small de current through the center rod; the 
contro] modes are full on—full off and modulation. 

The development of the unit just described is 
the latest result of the search for reliable switching 
forms. The demand for reliability in control systems 
has stimulated a great deal of effort in all areas of 
component research. But in the switching field, 
the activity has been particularly intense—under- 
standably so because the making and breaking of 
electrical circuits is without question the most com- 
mon control function. Prior evidence of this activity 
was the emergence of magnetic amplifiers and tran- 
sistors specifically designed for switching service. 
Like the magamp and transistor, the electrochemical 
relay is a static device capable of an unlimited num- 
ber of operations without apparent wear or deterio- 
ration. Being simply constructed of common ma- 
terials, it does not have the handicap of high cost 
that has slowed the widespread application of mag- 
amps. And the electrochemical relay is inherently 
suitable for handling high-current loads directly 
without the power amplification required by both 
transistors and magamps. 


The operation of the electrochemical relay is based 
on a hitherto unrecorded phenomenon, newly dis- 
covered by Stanford R. Ovshinsky of Ovitron Corp. 
The principle can be demonstrated by means of the 
schematic diagrams shown in Figure 1. The dashed 
lines represent the chamber containing the electro- 
lyte bath, which consists of a solution of acid and 
free metal ions. The outer plates are the load elec- 
trodes, which are made of some film-forming ma- 
terial, such as tantalum. The current rating of the 
relay is directly proportional to the area of the load 
electrodes. The control electrode is an acid-resistant 
platinum rod located equidistant between the two 
outer electrodes. One of the main electrodes is 
connected to the load and the other to the ac supply. 
The relay cannot presently handle direct currents. 

Two diode rectifiers are connected to the output 
terminals of the relay back to back. The purpose 
of these diodes is to supply de bias voltage to the 
control electrode when the switch is closed. The 
value of the current passed by the diodes is low 
and noncritical so that small, inexpensive units may 
be used. They do not contribute measurably to 
the output current of the relay. 

Under the open circuit conditions of Figure 1A, 
there is no dc voltage at the center electrode. The 
path between the main electrodes exhibits extremely 
high resistance and there is no current through the 
load. In Figure 1B, the contro] switch is closed so 
that the center electrode becomes positive with 
respect to the load electrodes. Instantaneously, the 
resistance between the main electrodes drops to a 
low value and alternating current is delivered to the 
load. If the control switch is replaced by a poten- 
tiometer, the output current can be varied as a func- 
tion of the potentiometer setting or, in other words, 
in proportion to the control current. Thus, the 
electrochemical unit will function not only as a 
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On condition 





these can be regarded as fully in- 
sulated from one another and no 
current can pass between them. 
Now, when the control electrode 
is given a positive charge with re- 
spect to the load plates, the in- 
sulating particles that constitute 
the oxide layers are changed, in 
effect putting the conductive 
metal of the load electrodes into 








FIG. 1, Schematic diagrams show de-energized 
(A) and energized (B) conditions for electrochemical relay. 


relay but as a power modulating device. 

Despite the fact that the electrochemical switch- 
ing phenomenon is readily demonstrated, there is 
as yet no full explanation of what actually occurs 
within the electrolyte. There are some clues to 
be found in the research literature on electrolytic 
capacitors; but it is apparent that the switching 
action involves extremely complicated ionic behavior 
which has eluded description, up to the present at 
least. It is a well known fact that insulating oxide 
films are formed on certain materials when they 
are immersed in an electrolytic solution. Indeed, 
this is the principle employed in the construction 
of the dry electrolytic capacitor, wherein the only 
function of the electrolyte is to form such a film 
on the rolled foil, thereby providing an efficient 
(and economical) insulating barrier between adja- 
cent layers of foil. If it is assumed that such oxide 
films are formed on both of the load electrodes, 


What it Does: 


‘The electrochemical reaction associated with the 
passage of ac load current is a redox reaction, with 
reduction and oxidation taking place at equilibrium 
rates. Hence there is no gassing or transfer of elec- 
trode materials due to load current. The dc control 
currents do generate some gas at the electrodes, but 
this is returned to solution by the catalytic action 
caused by a small wire protruding into the sealed 
electrolyte chamber, Figure 2, A semi-permeable 
membrane separates the liquid electrolyte from the 
empty upper section of the chamber. Gases flow 
through this membrane to come into proximity with 
the catalyst wire, recombine into another gas form, 
then return through the membrane back into solu- 
tion. The membrane is impervious to liquid. 
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full contact with the electrolyte. 
Thus begins a two-way inter- 
change of negatively and posi- 
tively charged ions that act as 
“current carriers” between the 
load electrodes. As soon as the 
positive charge is removed from 
the control electrode, the insulat- 
ing films are instantaneously re- 
constituted and further conduc- 
tion through the relay is blocked. 

While this oversimplification of the switching 
phenomenon will suffice for the purposes of this 
article, a full and true account of what actually 
occurs remains to be given. Ovitron Corp. scientists 
have advanced a complex theory of operation, which 
is at least as plausible as the “carriers and holes” con- 
cept devised to explain transistor action. ‘Their 
theory recognizes the fact that ionic transport speeds 
through the electrolyte are far below that necessary 
to follow the polarity changes caused by the sine 
wave of voltage across the load electrodes. There- 
fore, the flow of current cannot be credited to ions 
traveling the complete path from one load electrode 
to the other. It is felt that the control potential 
acts merely as a force to align the ions to permit the 
movement of charges from one to another. The 
switching action, however, is a result of surface 
phenomena at the load electrodes. The electrolyte 
serves only as the conducting medium. 


The plastic housing shown in Figure 2 is from 
a lot of one prototype model of electrochemical 
relay manufactured for test and sampling. The 
complete relay is of plug-in design, measures 1.5 
in. high by 1.5 in. in diameter, and has a “load 
contacts” rating of 4 amp, 70 ac volts rms. In 
current design work on the relay, the 70-volt figure 
has been established as the working maximum. It 
is expected that this limitation will be raised as the 
development progresses. The peak voltage that can 
be handled by the electrode clearances seen in Figure 
2 is 140 volts; if the supply voltage is raised much 
beyond this, the electrolyte will conduct regardless 
of whether or not the control electrode is energized. 
Because severe overcurrents accelerate gassing, the 





sealed units are designed to fail safe (open-contact) 
should hazardous pressures be approached. There 
is also a minimum or “dry-circuit” voltage that the 
load electrodes can handle satisfactorily. For the 
unit described, this minimum is 3 volts. By pro- 
viding some means for pulsing the control electrode, 
the minimum can be dropped to 1.2 volts. 

Figure 3 is an oscillogram of the waveforms of 
the current in the control and load circuits of the 
electrochemical relay. The conditions for this par- 
ticular test were as follows: supply voltage—30 ac 
volts; load resistance—65 ohms; ac load current—450 
ma; de control current—18 ma. The oscillograph 
leads were connected across l-ohm resistors in the 
control and load circuits. The load current remains 
a true sine wave and is apparently unaffected by 
passage through the electrolyte. Pulses of dc control 
current occur at the peaks of the supply voltage. 

When the unit is conducting, the impedance be- 
tween load electrodes is approximately 2 ohms. At 
the instant of make, it is slightly higher but stabilizes 
at a constant value after a short time. The impe- 
dance changes minutely with variations of load cur- 
rent, being actually less for the higher values of 
output current. In a specific case, the impedance 
drops about 0.25 ohms when load current is doubled. 
For constant-loads, the impedance does not vary 
between closures or over extended periods of use. 

The current capacity of the electrochemical relay 
is dependent on the area of the load electrodes. 
By increasing this area through the use of larger 
plates or by making the electrodes from a sintered 
porous material, current capacity can be raised with- 
out affecting the overall size of the unit. However, 
the increase of electrode area makes for greater inter- 
electrode capacitance and thus is accompanied by a 
rise in the open-circuit leakage current through the 
relay, which may be detrimental in some applica- 
tions. The curves of Figure 4 show the relationship 
between supply voltage and leakage current for two 
different electrode sizes. It is important to note 
that leakage current can be reduced by putting two 
or more relays in series, so that each unit takes only 
a portion of the total applied voltage. By this same 
expedient, the usefulness of the electrochemical re- 
lay can be extended to circuits above 70 volts. 

There is a definite relationship between load cur- 
rent and control current. If the relay is conducting, 
any change in load current is immediately accom- 
panied by a proportional change in control current. 
The change is automatic, being made by some phe- 
nomenon within the surface electrolytic reaction. In 
the design of a given relay, the parameters can be 
chosen to provide any one of a wide range of ratios 
of load current to control current; the range extends 
from 10:1 to 50:1 and higher. The speed of response 
is greater at the lower ratios. 

The dependence of load current on control cur- 
rent is made use of in applications of the electro- 
chemical relay to power modulation. For operation 


FIG. 2. 

Interior view of 
electrochemical relay shows 
load electrodes, control 
electrode (right, center), 
and wire catalyst. 
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FIG. 3. Oscillogram of ac load and dc control currents. 
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FIG. 4. Graph of leakage current vs. applied voltage 
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>. 5. Relationship of load current to control resistance 





in this mode, the switch in the control circuit is 
replaced by a potentiometer as shown in Figure 5. 
Also shown are curves of load current vs. control 
resistance for three different values of load resistance. 
The relationships are nonlinear, especially at the 
lower values of load resistance; however, like elec- 
tron tubes, the relays can be so applied as to operate 
in the linear range. 

In the matter of speed of response of load current 
to control signal, the electrochemical relay is some- 
what similar to the magamp. Response is definitely 
related to the frequency of the applied voltage. 
Load current rises to 75 percent of the steady-state 
value in the first half cycle. The magnitudes of 
supply voltage or load current have no effect on 
response. Oscillograph studies reveal that the relay 
makes the load circuit without any bounce or erratic 
energization whatsoever. 

The “break” time of electrochemical relays can 
be varied to suit specific application requirements. 
During response tests, the load circuit has been 


How it is Used: 


Although Ovitron engineers are presently concen- 
trating on the development of relays and power mod- 
ulators, it is felt that the principle may find use in 
a whole family of switching and control devices: 
proximity switches, logical units, regulators, mod- 
ulators, amplifiers, error detectors, circuit breakers, 
etc. Figure 6 is a schematic diagram of an electro- 
chemical overload relay designed to test the ap- 
plicability of the principle to circuit protection. This 
design makes use of the fact that control current is 
an a.. matic function of load current, as shown by 
the graphs. 

Under normal conditions the control contacts are 
closed, so that rated current flows to the load. An 
increase in load current beyond the safe value, devel- 
ops sufficient flux at the control coil to 
open the low power control contacts. 
With the control circuit open, the im- 
pedance between the output electrodes 
increases to its maximum value eliminat- 
ing the overload condition. The magnet 
holds the control contacts open until the 
reset button is depressed. 





opened within from one-half to three cycles of the 
60-cps applied voltage under various conditions. The 
magnitude of the applied voltage does have a slight 
effect on the speed of de-energization, but varying 
load current within rating has no measurable influ- 
ence. Increasing the frequency of the applied volt- 
age improves the response of the electrochemical 
relay on both make and break. Studies of new 
grid-control techniques indicate that it will be pos- 
sible to increase switching speeds considerably. 
The rated temperature rise of the units is 55C. 
Their operation is relatively stable over ambients 
from minus 10 to plus 150C, and is unaffected by 
vibration, shock, impact, moisture or position. Al- 
though relays for extremely high temperatures have 
not yet been built, it is felt that both temperature 
and current-carrying capabilities can be extended by 
furnishing units with some integral means of circu- 
lating and cooling the electrolyte. External mag- 
netic or electrostatic fields have no effect on the 
performance of the electrochemical relay. 


is achieved by means of small economy-grade fila- 
ment transformers, whose secondaries control the 
action of transistors operating in the switching 
mode. 

The astounding novelty of its operating principles 
assure the electrochemical relay of a quick and thor- 
ough trial in control circuitry. It is still too early 
to predict the outcome or what effect the unit will 
eventually have on switching practice. As is the 
case with most new developments, widespread appli- 
cation will certainly uncover shortcomings. It is 
equally probable, on the other hand, that more 
highly refined units will emerge with time. For 
the present it can be said only that the electrochem- 
ical relay is static, simple, wearproof—and it works. 


_——- Manual reset button 
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Low power contro! contacts 





It will be noted that in the orginal con- 
figuration depicted in Figure 1, the load 
and control circuits are not isolated from 
one another. This version of the electro- 
chemical relay, therefore, would not be 
a suitable replacement for the electromag- 
netic relay in conventional control circuit. 
For this reason, two special versions of the 
electrochemical relay were designed, both 
giving full isolation between the load and 
signal circuits. In one of these, the load 
electrodes are normally open and in the 
other they are normally closed. Isolation 
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FIG. 6, Schematic diagram of circuit protector and curves 
showing the variation of control current with load. 
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Specifications of Standard 


LIBRATROL: 500 


PROCESS CONTROL COMPUTER 


INPUTS 
Continuous multiple-switched electrical 
signals from temperature, pressure, flow, 
composition, pH, etc. 
QUICK ACCESS LOOP: 64-word recircu- 
lating register for parallel input, compu- 
tation, and output. 
SPEED: 66 samples per second. 
NUMBER: 8, expandable to 512 with ad- 
ditional optional piug-in components. 
SEQUENCE: By computer command; 
changeable by program. 
VOLTAGE RANGE: 0-1 and 0-10 (or more) 
volts d.c. 
MANUAL: Flexowriter and punched paper 


tape. 

DIGITAL CLOCK: Internal, pure binary, 
real time to provide time of day for 
logging. 


OUTPUTS 
Flexowriter and punched paper tape; and 
computer logic producing 10-bit address- 
able word to actuate relays for control 
signals. 
SPEED AND NUMBER: 66 outputs per 
second; time-sharing permits unlimited 
number. 
SEQUENCE: By computer command; 
changeable by program. 
TIME READOUT: From digital clock. 
TYPICAL OPTIONAL CONTROL FUNC- 
TIONS AVAILABLE: Alarms, voltage level, 
bridge balance, relay closure, setpoint, 
reset rate, proportional band, variable 
time delay, recorder, plotter. 


— in ree ae 

COM YPE: General-purpose 
Sigital. 
NUMBER BASE: Binary. 
MODE OF OPERATION: Serial. 
INSTRUCTION TYPE: Single address. 
NUMBER OF DIFFERENT INSTRUC- 
TIONS: 16 
MEMORY TYPE: Magnetic drum. 
MEMORY CAPACITY: 4096 words. 
WORD LENGTH: 30 bits plus sign. 
CLOCK FREQUENCY: 136 KC 
ADD TIME (Excluding Access): 0.25 mil- 
liseconds. 
MULTIPLY TIME (Excluding Access): 15 
milliseconds. 
WEIGHT: 1000 Ibs. nominal. 
SIZE: 30” x 42” x 60”. 
POWER REQUIREMENTS: 117 volts 
(+10%) 17 amperes 60 cycles. 


OPTIONAL EQUIPMENT 
PHOTOELECTRIC READER: High-speed 
punched paper tape input for buffer 
storage. 
MAGNETIC TAPE: Storage for additional 
input, output, and computing infor- 
mation. 
MAGNETIC-CORE MEMORY: For quick 
access to stored data. 
PUNCHED CARD INPUT. 
LINE PRINTER: High speed data-logger 
printing 14 digits at a time. 
TYPEWRITER SELECTOR: For multi- 
station printout. 
RELAY SENSING EQUIPMENT: For 
changing computer program in accord- 
ance with plant or product requirements. 
GRAPHIC PANELS: For visual display of 
information. 
CONSTANTS PANEL: Manual! digital data 
insertion or readout for operation by non- 
technical personnel. 
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Seven 1-megacycle video channels on a single half-inch tape — that’s why there’s an affectionate 
reaction everywhere to the new Mincom Model CV-100 Video Band Magnetic Recorder 
Reproducer, Tape speed of 120 ips, plus special recording and playback heads, produces 
reliable frequency response from 400 cycles to 1.0 megacycle (each track). Only 12 moving 
parts, four simple adjustments. Only 0.1% flutter and wow. No mechanical brakes. All plug-in 
assemblies, carefree maintenance. Interested? Write for specifications. 
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MINCOM »v'sion (Miinnesota iinine ano [Yfanuracturinc company 


2049 SOUTH BARRINGTON AVENUE « LOS ANGELES 25, CALIFORNIA 





CONTROL ENGINEERING CIRCLE 77 ON READER-SERVICE CARD 





IDEAS AT WORK 


Meters Solve ‘Two Problems Neatly: 


1. Cross-Pointer Meter 
Indicates Concentricity 


ORVAR DAHLE and ODDGEIR UGLUM 
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ASEA Research Laboratory, Vasteras, Sweden 


In manufacturing a medium-sized 
electrical machine, it is necessary to 
adjust the position of the rotor in the 
air gap to keep manufacturing toler- 
ance specifications economical. The 
conventional procedure is to measure 
the air gap between the rotor and the 
stator at several points around the 
periphery with wedge gages; but this 
has disadvantages. ‘lo begin with, it is 
a cut-and-try procedure that is not 
necessarily converging. That is, the 
rotor is placed in what seems to be 
the center position, using a crowbar 
arrangement, and locked, and the air 
gap is then measured at several points 
with the wedge gages. If this first 
guess is wrong, and it very often is, 
the whole procedure has to be re- 
peated until the guess is within the 
tolerances specified. 

A second disadvantage is the need 
to make the air gap accessible from 
both ends of the machine. In certain 
cases this may lead to uneconomical 
and impractical designs for cooling 
fans, bearings, and other details. Fi- 


Transducer 








FIG. 1, 


I) 


Single layer secondary coil 


A—Cross-section of the transducer in an air gap. 


B—Single layer transducer coils of No. 44 wire. Both coils 
have 40 turns. Approximate dimensions of middle turns: 
primary, 12.5 by 28 mm; secondary, 5 by 22 mm 


nally, the conventional wedge gages 
can give erroneous results because of 
random local irregularities. 

A continuous measuring method 
now even makes it possible to measure 
the air gap at the remote end of 
the machine. The principle used is 
that the mutual inductance between 
two coaxial pancake coils arranged and 
placed as shown in Figure 1 is depend- 
ent upon the air gap. 

Figure 2 shows the operation of the 
equipment. Four probes, used simul- 
taneously, are placed in the 45-deg 
directions as shown. The primary 
windings of all the transducers are fed 
in series with constant current of 
power frequency (50 cps). Amplifiers 
Al and A2 have phase-sensitive recti- 
fied outputs, and inputs consisting of 
the difference between the output 
voltages of transducers 1-3 and 2-4, 
respectively. Outputs of the amplifiers 
are connected to two conventional 
moving-coil meter movements ar- 
ranged in one instrument, as shown 


in Figure 2, with the pointers in 45- 
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FIG. 2. 


(A) I 


Centering equipment uses special indicator with 


two moving coil-meter movements zeroed at 45 deg as shown 


deg directions at zero-output from 
the amplifiers. ‘The position of the 
center of the rotor in the air gap corre- 
sponds to the intersection of the 
pointers with respect to the center of 
the concentric circles on the meter. 

The centering procedure is as fol- 
lows: The probes are adjusted in the 
air gap one by one for maximum out- 
put on the millimeter (instrument II); 
in this way, they cannot be placed op- 
posite a slot in either rotor or stator. 
The position of rotor is then adjusted 
until the pointers of instrument | 
intersect at the center. ‘The rotor is 
locked in this position, and the trans 
ducers are placed at the other end 
of the rotor (with certain machines, 
it may be necessary to readjust the 
rotor position at the original end or to 
duplicate the equipment). Finally, 
the rotor is fixed by guide pins. 

There are three reasons for utilizing 
the mutual inductance between two 
coils instead of the self-inductance of 
one coil. First, the impedance of a 
single-layer coil in an air gap, as in 


FIG. 3. Centering equipment set up for use. 











THE LINK BETWEEN 
ELECTRONIC CONTROL 
HYDRAULIC POWER 











Expert Welding Machine Co. 
Solves the High Production 
Contour Welding Problem With 











ICKERS. 


Electro-Hydraulic Servo Valve 


The versatility of electro-hydraulic contro! of power 
has solved one of industry's toughest problems — 
automatic welding of complex and contoured auto- 
motive frame members. 

An electronic probe follows the weld line on the 
work and records any deviation from the path pre- 
scribed by a master cam. Any deviation from the 
governing cam contour creates an error signal 
which is amplified and fed to the servo valve. The 
servo valve converts these electrical signals into pre- 
cise hydraulic flow to a cylinder which accurately 
positions the welding head allowing for variations 
in manufacturing operations . . . trimming, etc. 

This application is only one of many in which 
Vickers Servo Valve has demonstrated exceptional 
performance under the exacting conditions of in- 
dustrial production requirements. 

Valve operation is simple. Reliability is assured— 
there are only four moving parts. 

Investigate the production advantages offered by EXPERT WELDING MACHINE COMPANY developed this automated 


. °. . . . welding machine that incorporates a magnetic-tape-tracer system. 
electro-hydraulics. Write for Vickers Engineering dion chelss ania servo valve provides the link between elec- 
Bulletin 58-74. tronic programming and hydraulic power. Vickers Pumps and Controls 
also used. The machine joins metal parts having untrimmed, out-of- 
tolerance, straight and/or contoured weld line edges. 





Two U-shape channels are 
welded to form the box config- 
uration in this complex automo- 
tive frame side member. 
Production is approximately 
100 pes/hr. 





WELD LINE 





Application Engineering Offices: ATLANTA « CHICAGO* « CINCINNATI « CLEVE- 


VICKERS INCORPORATED LAND « DETROIT* e GRAND RAPIDS « HOUSTON e INDIANAPOLIS « LOS 


ANGELES AREA (El Segundo)* « MILWAUKEE » MINNEAPOLIS » NEW YORK 
DIVISION OF SPERRY RAND CORPORATION AREA (Springfield, N.J.)* ¢ PHILADELPHIA AREA (Media) « PITTSBURGH AREA 
Machinery Hydraulics Division (Mt. Lebanon) » PORTLAND, ORE. » ROCHESTER « ROCKFORD « SAN FRANCISCO 
AREA (Berkeley) ¢ SEATTLE* « ST. LOUIS ¢ TULSA e WORCESTER e Factories 
ADMINISTRATIVE and ENGINEERING CENTER also in: Australia, England, Japan and Germany e In Canada: Vickers-Sperry of Canada, 
Department 1606 $ Detroit 32, Michigan Ltd., Toronto,* Montreal and Vancouver 
8259 Field Service Headquarters Underlined. Whse. Stock & Repair Branches*. 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 


128 CONTROL ENGINEERING CIRCLE 78 ON READER-SERVICE CARD 





Figure 1, is mainly ohmic, which 
means that variations in the self-induc- 
tance due to different air gaps will 
be difficult to detect. Second, the 
lines of magnetic flux in the air im- 
mediately surrounding the current- 
carrying coil will contribute very little 
to the mutual inductance (they have 
a great influence on the self-induc- 
tance of one coil). Finally, with mu- 
tual inductance, the position of the 
transducer in the air gap is not critical 
(self-inductance is somewhat depend- 
ent upon this position). 

The coils used have the dimensions 
shown in Figure 1, and are placed 
between two strips of impregnated 
paper, which are glued together. The 
coils are located at one end of a probe 
800 mm long by 23 mm wide by 0.3 
mm thick. The other end has a plug. 








FIG. 4. Transducer output voltage versus 
air gap when excited by 0.15 amps, 50 cps. 


The output voltage of the trans- 
ducer as a function of the air gap is 
plotted in Figure 4. The curve is ap- 
proximately hyperbolic (V = k/d), 
and applies to 3 percent silicon iron 
laminations. Measurements show that 


the output voltage is independent of 
the position within the gap. 

The equipment has been used in 
production for some time. Accuracy 
is quite satisfactory—the error is less 
than plus or minus 0.05 mm. Figure 
3 shows the equipment set up for use. 

The air gap transducers may also be 
used for measuring a single air gap, 
by using a single transducer and a 
calibration curve having the general 
shape shown in Figure 4, or by bal- 
ancing the output of two transducers, 
where one is placed in a calibrated 
and adjustable air gap and the other 
in the air gap to be measured. So far 
there has been no demand for such 
an instrument, and therefore the in- 
fluence of the magnetic properties of 
the iron on transducer sensitivity has 
not been investigated. 


2. Meter Relays Protect Punch Presses 


FREDERICK C. MARX 
The Heekin Can Co. 


A modified machine overload con- 
trol made by Tipptronic, Inc., is used 
at Heekin to protect punch presses 
and dies. Heekin’s problems with 
punch presses had been caused by 
faulty feeding of the sheets for cans 
of various sizes and shapes, and by 
failure to remove sheet scrap. With 
presses running up to 300 strokes 
per min, instances of double-sheet 
feeding occur often enough to make 
protective controls necessary. Damage 
can also be caused by an unusually 
thick or hard single sheet. 

The controls have also eliminated 
die breakage and have reduced man- 
hours spent in attending to other 
press failures, and thus have made 
possible higher production. 

A thyratron-operated control was ex- 
perimented with first, because of its 
fast response. But it required a “blind” 
screwdriver adjustment and had no 
provision for monitoring while the 
press was in action. 

The modified machine overload con- 
trol, finally used, is shown in one 
version in the accompanying diagram. 
It uses a meter relay (contact am- 
meter) to monitor one phase of the 
punch-press drive motor. Under 
normal conditions, with a single sheet 
in the press, peak phase current for 
the 5-hp, three-phase, 220-volt motor 
might be 12 amps; but if two pieces 
are placed in the die the peak phase 
current might jump to 16 amps. The 
adjustable meter contact is set while 
the machine is running, just above 


the current level for normal operation. 

However, in the event that a double, 
or an unusually hard piece of material 
is fed into the die, the meter relay 
contact closes to stop the punch press 
ram. The Bliss Model 1831 punch 
presses at Heekin are equipped with 
solenoid-operated air clutches, and the 
control immediately takes all driving 
energy from the ram by disengaging 
the flywheel clutch. 

As shown in the diagram, the clutch 
is energized by the flywheel clutch 
relay, which holds itself closed through 
a series contact on relay K2. Actua- 
tion of K2 by the ammeter contact 
thus disengages the clutch. K2 is 
energized by a series contact on KI, 
which is in parallel with the clutch 
relay so that the meter contact cir- 
cuit is active only when the machine 


is running. Kl] has a time delay on 
closure, provided by C and Rl, to pre- 
vent false actuation of the protection 
circuit by the inrush current when the 
press motor is started. R2 serves to 
limit the capacitor discharge current 
through the coil of Kl, and causes 
no appreciable delay on drop-out. 

On presses without the automatic 
clutch, the meter contact deenergizes 
the drive motor and activates a re- 
versing starter that provides braking 
or plugging action for a controlled 
length of time—just long enough to 
stop the press. 

The meter relay control continu- 
ously indicates the operating condi- 
tions while providing a simple adjust- 
ment of the trip-point. Thirty of 
Heekin’s punch presses are now 
equipped with these controls. 


Overload control as modified for punch-press protection. 
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New concepts 
in handling 


discrete materials... 


by 
Bulova 


Bulova designer-engineers can help you increase production and reliability 


Turning a hand-method, high-skilled operation into a reliable mechanized facility 
is a proven Bulova capability. 


Automating existing man-machine systems involves the creation of equipment to 
manufacture individual pieces and to provide continuous, automatic in-process 


inspection, sorting, assembly and testing. This requires techniques and methods VA 
long familiar to Bulova. 


Experience in precision design, in precision manufacture, is the Bulova tradition, 
the Bulova capability. Has been for over 80 years. For more information write— 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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Reliable Level Measurement 


for Liquid Metals 


Simplicity is the key to the reliability of this high-temperature 


level probe, which has worked successfully for 3,000 hours at 


1,400 deg F in liquid NaK. It operates on ac, needs no de power. 


G. H. BURGER, Oak Ridge National Laboratory 


Accurate, reliable level measurement 
of liquid metals at high temperatures 
is a difficult, frequently encountered 
problem. And in reactor systems that 
use sodium and sodium-potassium al- 
loys for coolant fluids, the problem is 
greater due to the radioactivity in- 
duced in the fluid. Here the level 
measuring system must be leak tight, 
because the escape of vapor or fluid 
could create a radioactive hazard to 
operating personnel. 

A level device has been developed 
for systems in which a continuous in- 
dication of fluid level is not needed, 
such as in fill and dump tanks. Two 
level signals are used, one for full level, 
to control the dump valve, stopping 
flow into the dump tank and indicat- 
ing when the system is fully drained, 
and one for low level, to stop the 
flow into the system when it is filled. 


Level over a fixed range can be con- 
trolled too, by placing two probes the 
required distance apart. The high 
or low levels can be indicated by 
lights, audible signals, or both. 

The most widely used probe for an 
on-off or point-level measuring system 
has been the spark-plug probe, a stand- 
ard plug with a long center electrode. 
Spark plugs with larger than normal 
insulators are also used (Figure 1). 
The plugs are inserted in the vessel 
in which the level is to be measured, 
and a 110-vac circuit established be- 
tween the electrode and the tank wall. 
To indicate the level signal a lamp is 
inserted in series with the electrode. 
As soon as the fluid in the vessel 
touches the electrode the circuit is 
completed through the electrode, the 
fluid and the tank wall, causing the 
lamp to light. 


FIG. 2. New probes are made of Inconel, have no insulator to short out. 


FIG. 1. Conventional spark-plug probes 


short across insulator or corrode away 


Extensive tests of the spark-plug 
probes have proved them unreliable. 
At 450 to 950 deg F’, the insulators 
were severely corroded, sometimes al- 
lowing vapor to completely penetrate 
the plug and always shorting the cir- 
cuit. And at body temperatures be- 
low 450 deg IF the plugs generally 
operate a considerable time before 
shorting, but are not satisfactory for 
long periods of continuous duty be 
cause of leaks 

A new probe was designed for thc 
system mentioned, to overcome the 
limitations of the spark plug with re 
spect to operating temperature and re 
liability. It operates by detecting a 


change in electrical current caused by 


FIG. 3. Details of probe con- 
struction for 6- to 14-in. lengths. 





+50 


ANGULAR ROTATION ° 


Inductive pots give accurate 
noiseless output with infinite resolution 


Weapons systems...analog computers... propor- 
tioning circuits—wherever the limitations of wirewound 
potentiometers can not be tolerated, these precision 
linear pots are the answer. - 

The Daystrom Transicoil Size 8 and 11 Inductive 
Pots provide extreme angular accuracy for applica- 
tions requiring linear output and high gain amplifica- 
tion. There are no brushes wiping over turns of 
resistance wire to generate noise. Grounding problems 
are eliminated since each phase is electrically insulated 
from the other. When operated into the correct load, 
output is linear to within +0.25% over the 170° 
(+ 85° from null) operating range. Output phase is 
dependent on direction of shaft displacement from null. 

Write for complete specifications. Daystrom Transi- 
coil, Division of Daystrom, Inc., Worcester, Montgomery 


Poa}srnom TRANSICOIL DIVISION OF DAYSTROM, 


County, Penna. Phone: JUNO 4-2421. In Canada: 
Daystrom, Ltd., 840 Caledonia Rd., Toronto 19, 
Ontario. Foreign: Daystrom International Division, 
100 Empire Street, Newark 12, New Jersey. 


TYPICAL CHARACTERISTICS 





Size 8 Size 11 





Volts 26 26 26 





Excitation Power (watts) -16 16 . .15 
Current (ma) 27 27 30 
Frequency (cps) 400 400 400 





Sensitivity (v/°) -107 .346 ° -346 





Null Volts (mv) 7 20 20 











Transformation Ratio -350 




















INC. 


Representatives in Canada and Other Foreign Countries 
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FIG. 4. Probe, and circuit used with 
it. Values are typical. Rheostat R: 
is used to set relay sensitivity, es- 
pecially when several probes are 
used at once. 





115 voltss 
60 cps 


R, (input lead res.) R3 (coil codes) 


Relay 











OPERATING DATA FOR TWO PROBES 


Probe engi... ss ces CR 
R,—Input lead resistance 
{—Input current 
Probe resistance 

NaK below probe......... 
Voltage across relay 

Level below probe 


Level touching probe 14 mv 


. 15.2 milliohm 


14-in. 
0.520 ohm 
4.2 amp 


35.4 milliohm 


60 mv 
14 mv 





Ro: 015 ohm (not critical) for 60 ft No.14 wire 

Rs: 10 milliohm for 10 ft (round trip ) No. 10 wire 

Relay: 0.15v,ac; pull-in vottage 35 mv 
Impedance when de-energized: |9 milliohm 
Impedance when energized: 31 milliohm 
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the fluid contacting the probe. Figure 
2 shows two models. 

The probe consists of a }-in.-O.D., 
0.025-in.-wall Inconel tube with an 
insulated copper conductor inside. 
The tip of the tube and the copper 
conductor are brazed to an end cap at 
the bottom of the tube, Figure 3. A 
60-cps voltage is applied between the 
center electrode of the probe and the 
vessel in which it is installed. A sensi- 
tive relay is connected in parallel with 
the probe, across the center electrode 
and the vessel. When the fluid level 
is below the probe, the current path 
is through the center electrode and 
the tube wall. Since the tube wall is 
quite thin, a fairly high resistance 
path gives enough voltage to hold in 
the relay. Now, as the fluid touches 
the probe, the current path causes the 
voltage across the relay to decrease, al- 
lowing the relay to drop out. Note 
that the relay is energized with the 
level below the probe. This is good, 
since it is often desirable to have a 
signal when the power supply fails. 

In design, reliability dictated sim- 
plicity. To get it, a single conductor 
probe was designed for the inside of 
the outside tube and insulated from it, 
except at the bottom end, by packed 
magnesium oxide insulation. The 
probe maintains a high ratio of tube 
resistance to center electrode resist- 
ance by keeping the cross section of 
the Inconel tube small. The value of 
the tube resistance and the ratio 
chosen depends on the relay used. For 
6-in. and 14-in. probes, a }-in., 0.025- 
wall-diameter tube was chosen with a 
number 8 AWG copper wire for the 
center conductor, Figure 3. This 
design gives a large change in electrical 
resistance when NaK touches the 
probe end. For example, a probe ex- 
tending 10 in. below the connection 





has the following resistances: 
Temperature (deg F) 

Inconel tube (milliohms) 
Copper wire (milliohms) 


1,400 
ys 
3.4 


75 
24.5 
0.8 


Relay selection 


An ac circuit was chosen in prefer- 
ence to a de circuit for the following 
reasons: 
¢For a 20-millivolt de relay, the 
current required per probe would 
be approximately 2-3 amps, giv- 
ing rise to somewhat of a power 
supply problem if a large number 
of de probes were used at different 
locations. 
¢The ratio of pull-in to drop-out 
voltage is high for most de relays 

¢ The thermal emf from the copper 
Inconel junction would be appreci- 
able if highly sensitive dc relays 
were used. 

¢The reliability of very sensitive 

de relays is questionable. 

The ac relay used for the probe 
design is rated at 0.15 va, ac. It has 
pull-in and drop-out voltages very 
nearly the same—35 millivolts. When 
energized, it has an impedance of 
about 31 milliohms and when deener- 
gized, about 19 milliohms. For level 
probes shorter or longer than 6-14 in., 
telays with different characteristics 
might be desirable. However, chang- 
ing the tube wall thickness or using 
a rheostat can save the first relay. 

The voltage at the probe was 3 
volts, supplied by a_ transformer 
mounted away from the probe. Where 
a large number of probes are used, in- 
dividual theostats in each circuit ad- 
just the probe current to give proper 
relay operation. 

Figure 4 shows a typical installa- 
tion. The resistance of the input 
current leads and the relay current 





leads should be kept as low as pos- 
sible. Particular attention should be 
paid to the relay coil current leads 
because of the low impedance of the 
coil, It is desirable to mount the re- 
lays as close as possible to the probe; 
and when more than one probe is 
used, each should have two oer in- 
stead of a common ground. 

After installation, each rheostat is 
adjusted to produce proper voltage, 
60-65 millivolts, across each relay; no 
further adjustments are necessary. 
However, a periodic check of the re- 
lay voltage is desirable, since the re- 
lay is not a self-monitoring device. 

A number of probes have been built 
and tested. The fluids used were both 
Na and NaK. There is the problem 
of “wetting” at low-fluid temperatures 
due to oxide films forming on the 
probe and creating a large resistance 
between the fluid and the probe. ‘This 
introduces error in the level measure- 
ment, since the level has to rise 
further on the probe to produce the 
same voltage change across the relay 
coil. But after a short time, or if the 
temperature of the fluid is above 500- 
600 deg F, this problem is of little 
consequence. The exact indication 
of the fluid touching the probe can 
be found by measuring the probe 
voltage with a vacuum-tube voltmeter. 
The only other problem encountered 
in using these probes is failure due 
to oxidation of the copper at the In- 
conel joint during high-temperature 
operation; but this will not occur if 
the tip of the probe is brazed with 
Coast Metal #52. The earlier trouble 
occurred when the tip was welded. 

Some operating data for 6-in. and 
14-in. probes are given in the table. 
These probes have operated for more 
than 3,000 hours at temperatures 
above 1,400 deg F without failure. 
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Honeywell loggor-scanner 


... accurate within + 0.1% of reading 


... pinboard programming for maximum flexibility 


Here’s a standard, all-purpose 120-point logger- 
scanner system with features formerly found only 
in more expensive, custom-designed equipment . . . 
the first of several packaged logger-scanners being 
introduced by Honeywell. It offers the ultimate in 
accuracy, flexibility, dependability and simplicity 
of maintenance. Wide ambient temperature oper- 
ating limits—60 to 120°F—eliminate the need for 
special air conditioning equipment. 


The Series 3120 accepts signals from primary 
measuring instruments— thermocouples, flow, pres- 
sure or other transducers. It measures these sig- 
nals, digitizes them, and prints their values in 
immediately usable form. A thermocouple refer- 
ence oven can be supplied to accommodate three 
types of thermocouple inputs—types T, J, and K— 
which are automatically linearized over their entire 
range to within 0.1% accuracy. 


The operator can select either automatically or 
manually initiated logging cycles. He can set the 
system to log all variables automatically at preset 
intervals, or manually energize the system to 
operate on demand, between logging cycles. 


Between logging cycles, the system can scan off- 
normal alarm points—high, low or both—at a rate 
of 7 points per second. Upon detecting an off- 
normal point, the system sounds an alarm, lights 
a point-identification light, and prints the time, 
point number and off-normal value on adding 
machine tape. During log cycles, off-normal points 
are printed in red on the log sheet. 


Get complete details from your nearby Honeywell 
field engineer. Call him today . . . he’s as near as 
your phone. MINNEAPOLIS-HONEYWELL, Wayne 
and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
Frat iw Coutrol 





TWO TYPEWRITERS permit a single line log 
allowing columnar comparisons. Separate alarm 
printer records all off-normal variables. 


STANDARD MODULAR COMPONENTS are 
assembled on chassis mounted as individual 
drawers in relay racks. All drawers are con- 
nected by plugs for easy servicing. 
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. feeues 
ATIVE SYSTEMS ENGINEERING AT e 


«2=ON A SPACE-HIGH PEDESTAL 


Reeves has pioneered in the development of extremely high 
precision two- and three-axis antenna pedestals for 

fire control, guidance and tracking systems. Reeves-engineered 
pedestals and related electronic assemblies, including 

servo systems and computers, are production-ready in types 
for both land-based and shipboard applications. The 
pedestals provide continuous rotation in azimuth, with angular 
travel in the remaining two axes designed to meet particular 
requirements. Accuracies in the order of 0.1 milliradians can be 
achieved, with rates of 10 degrees per second, or higher. 


REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corporation of America 
Roosevelt Field, Garden City, New York 


Qualified engineers who are seeking rewarding 
opportunities for their talents in this and 
related fields are invited to get in touch with us. 


eeuveds 
Front page projects of tomorrow are part of the picture at 
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| NEW PRODUCTS 


ey 


REFLUX CONTROL COMPUTER— 


a special product for a special purpose 


Developed under a licensing agreement with Phillips 
Petroleum Co., the Taylor Internal Reflux Computer 
Control System provides a marked improvement in the 
control of fractionating columns. Increased product uni- 
formity, reduced steam consumption, and safe, continuous 
column operation at very near the flood point are a direct 
result of the system’s ability to immediately compensate 
for disturbing climatic effects. 

Heart of the system is a simple, pneumatically-operated 
analog computer, assembled entirely from standard instru- 
ments and components. The photo at the right, a rear 
view of the computer, illustrates its clean, easy-to-service 
design. In operation, it continuously computes internal 
reflux in the following equation: 

Ri = R. (1 + KAT), 
where R, is the computed internal reflux; R., the measured 
external reflux; K, a constant equal to the ratio of specific 
heat to the heat of vaporization; and AT, the differential 
temperature between the external reflux stream and the 
reflux plate. 

Although internal reflux seriously affects column opera- 
tion, it has heretofore been an assumed value, determined 
principally by the external reflux. This technique, how- 
ever, fails to account for such factors as changes in top 
plate temperature, normal day and night temperature vari- 
ations, and sudden environmental changes caused by rain 
storms or passing clouds. All of these tend to distort any 
fixed ratio between internal and external reflux rates and 
temperatures. Thus, the use of a high-speed internal reflux 
computer appears to be the most efficient means yet devised 
to maintain a constant internal reflux rate. This is par- 
ticularly true for units using air-cooled condensers. 

The flow diagram below shows the relative position of 


the computer in the overall control system. Here, the 
desired rate of internal reflux is constantly present as the 
set point of a flow recomer-controller. The computer out- 
put, or actual rate of internal reflux, serves as the con- 
trolled variable, and is maintained by manipulating the 
external reflux. 

At present, the system is being marketed as a complete 
package, including engineering, installation, and start-up.— 
Taylor Instrument Co., Rochester, N. Y. 

Circle No. 200 on reply card 
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TWIN CONTACT 
MINIATURES 


DC-AC 
CHOPPERS 


Eleven types, 
both single and 
double pole. 


Long life. 
Low noise level. 


Extreme reliability. 


fp ; 
Write for 


Catalog 515. , 


STEVENS 


INCORPORATED 
ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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DATA HANDLING 
& DISPLAY 





LEGIBILE AT 100 FT 


The Series 80,000 rear-projection read- 
out for in-line digital displays provides 
a 3} in. high by 2 in. wide digit or 
character that can be read from over 
100 ft away. Optical system features 
two condensing lenses and one projec- 
tion lens for sharper, brighter presen- 
tation. Individual units measure 54 
in .high, by 34 in. wide, by 114 in. 
long and sell for $33 or less depend- 
ing on quantity—Industrial Elec- 
tronic Engineers, Inc., North Holly- 
wood, Calif. 


Circle No. 201 on reply card 


READS PAPER CHECKS 


Every check drawn on a bank must be 
handled at least six times (be received, 
proved, sorted, posted, reviewed, and 
filed) before it is returned to the 
depositor. Deposit slips also require 
similar handling. ‘To automate these 
tedious operations IBM has developed 
its Series 1200 Character Sensing 
Equipment. The line includes four 
new units: the Series 1201 Proof In- 
scriber, which adds the function of 
document inscribing to the normal 
proving functions of an IBM 803 
Proof Machine; the 1210  Sorter- 


Reader, which senses magnetic-ink 
characters and automatically sorts up 
to 900 documents per min; the 
1221 Sorter-Recorder Control, which 
directs data flow from the Sorter- 
Reader directly into data processing 
systems; and the 1202 Utility In- 
scriber, a special electric typewriter 
for inscribing. unmarked, illegible, or 
damaged documents. Rentals for sys- 
tems, including standard computers, 
will range from $5,000 to $40,000 
per mo. First complete installation is 
scheduled for delivery in September, 
1960.—International Business Ma- 
chines Corp., White Plaines, N. Y. 


Circle No. 202 on reply card 


MACHINE TOOL MEMORY 


Photo above illustrates the modular 
design of a new plug-in memory sys- 
tem, developed for use in the nu- 
merical control of precision boring 
machines. ‘Telephone-type crossbar 
switches, measuring 23 by 9 by 6 in., 
sealed relays, and several stepping 
switches satisfy all requirements; there 
are no electronic devices of any kind. 
Two crossbar switches store all the 
information needed to control spindle 
feeds and speeds, and two axes of 
table movement. A third can handle 
spindle depth control and tool desig- 
nation; a fourth, automatic tool chang- 
ing.—Fosdick Machine Tool Co., Cin- 
cinnati, O. 
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NEW MULTI-SHIFT DESIGN 


The Telecontrol data display equip- 
ment, recently introduced for centra- 
lized production control, is now avail- 
able in a new multi-shift design that 
completely eliminates the 20-minute 
delay previously required for dispatch- 
ers to log the various payroll, produc- 
tion, and other data appearing on the 
panel-mounted counters. Aside from 
the use of dual counters, the new de- 





2 NEW KODAK PAPERS 


GIVE YOU WRITING SPEEDS 


You can meet practically any photorecording need with just 
two new Kodak papers. 

Kodak Linagraph 44 and 77 Papers cover the whole range of 
commonly used frequencies and writing speeds and more. With 
them you can record higher frequencies and writing speeds 
(up to 60,000 ips.) that have been impossible or difficult to 
record "til now. 

Even over wide amplitudes, sudden beam excursions, or 
sharp rise times, you get sharp, black traces—traces that are 
easy to read by visual inspection or on data-reduction equip- 
ment, easy to duplicate on diazo-type materials. 


New extra-thin, extra-tough base 


Both new papers have a specially-treated super-strength base 
that really stands up under processing, handling, rolling, 
folding, and storage. Extra thin (.0030”) for more footage per 
given roll diameter. Rolls up to 475 ft. are splice-free. Semi- 
matte surface readily takes pen or pencil notations. 


Universal processing 


You can process both papers in continuous, rewind, or stabi- 
lization type equipment. After stabilization, you can handle 
records immediately without fear of brittleness, cracking, or 
tearing. 

Linagraph 44 and 77 Papers are available in all standard 
sizes. We'd like to talk with you about your own particular 
application. Write for the complete technical details or, better 
yet, ask for a demonstration by our Technical Representative 
in your area. 








TO 60,000 IPs. 


KODAK LINAGRAPH 44 
relative tungsten speed: 20 
thickness: .0030 inches 


Orthosensitized on extra-strong paper sup- 
port, specially designed for recording opti- 
mum trace density and contrast from /ow to 
moderately high writing speeds. Can be 
processed in the CEC Datarite Magazine. 


KODAK LINAGRAPH 77 
relative tungsten speed: 80 
thickness: .0030 inches 


The ultimate in high-speed, orthosensitized 
recording papers. Records extremely high 
writing speeds heretofore considered im- 
practical, yet still retains good trace densi- 
ties. Covers writing speeds up to 60,000 ips. 
Because of its wide exposure latitude it re- 
cords medium-speed traces as well, with ex- 
cellent clarity. On specially-made rugged, 
durable paper stock. 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
Photo Recording Methods Division 
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BUILD ON. 


CONTROL EXPERIENCE: 


SERVO 
SYSTEMS 


Typical assignment: design and develop 
a missile elevon control servo with a single 
hydraulic power supply and three actua- 
tors. Weight and space considerations 
critical. 
Solution: a system designed and built 
around the Eastern E/HS 5 type 100A 
hydraulic power supply, using a 400-cycle 
motor. Minus motor, but including pump, 
reservoir, expansion chamber, pressure 
regulating valve and filter, the supply 
weighs only 2.6 lbs. 

Eastern achieved a 20% saving in hy- 
draulic power supply capacity by the use 
of one of its own pulse length modulated 
single-stage servo valves, manifolded to 
each actuator. Zero first stage leakage, 
zero hysteresis, plus the high response 
and efficiency which characterize this 
valve contributed to the successful meet- 
ing of the demanding requirements. 

Specifications: 

force level: 300 Ibs. 

total stroke: 1/2 in. 

max. velocity: 1.5 in./sec. 

time constant: 0.1 sec. 

max. actuator width: 1.25 in. 

For genuine contributions to the solu- 

tion of your servo problems, call in 

the Eastern engineer. 


NEW PRODUCTS 


sign involves the same equipment as 
the earlier version and costs very little 
more.—Telecontrol Div., Hancock In- 
dustries, Jackson, Mich. 
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SAVES SPACE AND MONEY 


Called a Quadratron, this compact, 
plug-in computing unit is said to be 
capable of replacing a system more 
than 700 times its size, costing thou- 
sands of dollars more. Analog com- 
puters, control systems, and medical 
electronics are typical of the areas in 
which the device may be applied to 
advantage. Specifically, the Quadra- 
tron can provide some 25 of the most 
commonly used nonlinear functions, 
including algebraic, trigonometric, ex- 
ponential, and hyperbolic—Douglas 
Aircraft Co., Inc., Santa Monica, 
Calif. 


Circle No. 205 on reply card 


LOW DISTORTION 


Registered as EIA Type 5 BFP, this 
new dual-beam, fast-writing CR tube 
is particularly well suited for high 


altitude operation. Linear post accel- 
eration minimizes pattern distortion 
of its two independently controlled 
beams. Features include a flat face 
plate, an integral mu-metal shield, and 
an aluminized screen. Operating volt- 
ages are 13,250v for the post acceler- 
ator, 2,750v for the accelerator, and 


EASTERN 
INDUSTRIES 
INCORPORATED 


100 SKIFF STREET 
HAMDEN 14, CONN. 
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Let's develop our own small theory of relativity. 
For everything’s relative, after all—even economy. 
Clearly, an economy effected now and corrected 
later is no economy at all. In instrumentation tape, 
there’s only one genuine economy —reliable per- 
formance. And in performance, the last two words 
for any acute tape-user are “SCOTCH” BRAND. 


USE LOTS OF TAPE? First to last, “ScorcH” BRAND Magnetic Tapes 
offer uniformity and reliability—born of the ex- 
perienced 3M technology that created the first prac- 

“ ” . . tical magnetic tape and continues to advance the 
SCOTCH” BRAND Instrumentation Tapes cut operating costs art of tape-making day by day. 

But let’s look at economy from another viewpoint 

—in terms of some things around the periphery that 

ce might not come so readily to mind—storage, use, 

y ¢ waste, and time saved. 


Re What other kind of record is so permanent it may 
: last a lifetime, yet requires so little space for stor- 
me age? Three reels of “ScoTcH” 
BRAND like those at the right 
“contain” 30 million charac- 
ters. What other medium 
serves input, output and mem- 
ory functions at such high 
speeds? Accepts both digital 
and analogue data? 
What other kind of record 
is not consumed, even when 
it is used? “ScoTCH” BRAND 
Magnetic Tape is run and rerun for analysis, erased 
and used again, permits retaping with corrections, 
editing and new data. 


f 


Last, but far from least—in these days when time 
is money, what other medium speeds up data acqui- 
sition, reduction and control programming in a 
way that keeps critical projects rushing forward at 
full tilt? Or cuts production lead time and human 
error to a point where a 1000% saving may be 
realized? 


At any cost, “SCOTCH” BRAND Magnetic Tapes 
would be a good buy. And in every application, 
“SCOTCH” BRAND Tapes offer that greater economy 
—reliability. “ScorcH”” BRAND High Resolution 
Tapes 158 and 159 let you pack more bits per inch, 
offer extra play reels. “ScoTcH” BRAND Sandwich 
Tapes 188 and 189 end rub-off, build-up, cut head 
wear to an absolute minimum, show little wear in 
50,000 computer passes. “SCOTCH” BRAND High 
Output Tape 128 offers top output at low frequen- 
cies, even under ambient temperature extremes. 
“SCOTCH” BRAND Instrumentation Tapes 108 and 
109 offer top performance at lowest cost. 


Where there’s no margin for error, there’s no 
tape like “SCoTCH” BRAND Magnetic Instrumenta- 
tion Tape. For details, write Magnetic Products 
Div., 3M Company, Dept. MBS-79, St. Paul 6, 
Minn., or mail the reader inquiry card. © 1959 3M Co 


“ScoTcn” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 


Y\ Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 


Minnesota (Yfinine ano Jfanuracturine company 
«.. WHERE RESEARCH IS THE KEY TO TOMORROW 
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WILL THE TAPE RECORDER 
YOU BUY HAVE 


MAGAZINE LOADING? 


Installing 

the magazine 

on the PS-200 
Complete 
magazine change 
requires only 

5 seconds. 


* Transistorized electronics 
plus * Up to 14 channels of record /reproduce 
— 2% Modular card construction 
* End of tape sensing 


* Light weight — only 65 Ibs. 
* Tape speeds 17% to 60 ips 


PS-200 FEATURES UNIQUE STACKED-REEL MAGAZINE. 

Using 10%” standard NARTB or commercially available precision reels, the 
magazine is designed so that it can be completely removed from the transport 
or opened while still attached to the machine. No additional threading is re- 
quired to change magazines. The magazine automatically locks in place, ready 
for operation with only five seconds interruption. Tape is in contact with 
heads in drive mode only. Head wear and oxide deposit are reduced. 

The PS-200 can be quickly converted to a loop transport by simply exchanging 
the reel-to-reel magazine for a loop magazine. 


The PS-200 instrumentation magnetic tape recorder 

combines transistorized electronics with a stacked 

reel tape magazine. Result — 10 to 1 weight, size, 

and power reduction with no degradation in flexi- 

bility or performance. Recording characteristics, 

tape speeds, and all other parameters of the PS-200 

are completely compatible with standard recording 

practices. 

Twenty-eight sales engineering representative of- 

fices are located throughout the United States and 

Canada to assist you with your data recording prob- sense Oh.ade atti dieaeins enen. 
lems. For his name and free copy of new 8-page Note stacked reel construction. 
brochure, please write, call or wire Dept. C7. 


PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET, SAN CARLOS, CALIFORNIA « PHONE: LYTELL 1-4441 
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600 to 900 v for the focusing elec- 
trode.—Allen B. Du Mont Labora- 
tories, Inc., Clifton, N. J. 
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HIGH-SPEED CARD SORTER 


Manufacturer claims that the new 
IBM 84 punched-card sorter operates 
at a speed of 2,000 cards per min, or 
twice as fast as its fastest predeces- 
sor. Significant features of the new 
sorter include: transistorized circuits; 
built-in, vacuum-assist card feeding; 
photo-sensing; radial stacking; and 
continuous loading. Its file feed has 
a capacity of 3,600 cards; each sorte1 
pocket, a 1,650-card capacity. Dy- 
namic braking stops the machine 
whenever a stop is called for.—Inter- 
national Business Machine Corp., 
White Plains, N. Y. 
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RESEARCH, TEST 
& DEVELOPMENT 


NEW ERROR BRIDGE 


With this new Theta Bridge, angular 
position of any inaccessible synchro or 
resolver can be measured directly with- 
out mechanical coupling. Connection 
is through the leads of the instrument 
being measured. High impedance ele- 
ments in the bridge prevent loading of 
the system. The bridge also serves as 
a simulator of a perfect synchro or 
resolver input for system study. Three 
dials display angular position to three 
decimal places. 

Characteristics: 
Range: 360 deg 
Readability: within 3.6 sec 
Accuracy: within 10 sec 
Operating frequency: 400 cps 
Impedance: 10,000 ohms, each leg 
—Theta Instrument Corp., East Pater- 
son, N. J. 
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Tomorrow’s dialing will be out of this world 


Global telephone calls via satellites brought nearer by a new ITT electron tube 


From the nation-wide resources of ITT 
Laboratories has come the ultimate de- 
velopment in a unique electronic ampli- 
fying device called the traveling wave tube. 

A four-foot version pioneered by ITT 
for the Armed Forces can transmit as 
many as 100,000 telephone messages 
simultaneously! 


Telephone Exchanges in the Sky 
Now a miniaturized type is to be pro- 
duced by ITT Components Division— 
small enough for satellites, where its 
amazing message capacity could be 
utilized to relay thousands of dial tele- 
phone calls to points around the globe. 

ITT traveling wave tubes of many 
sizes are already in use in major areas of 
telecommunications, and in radar, mis- 


sile guidance, electronic countermeas- 
ures, microwave radio, and television. 
Pioneers in Electron Tubes 
ITT Components Division, backed by 
experience almost as old as the electron 
tube industry itself, also manufactures 
Tatron® tubes that can display informa- 
tion, store it for days, erase it at will; 
photo multiplier tubes that convert light 
into an electrical signal and amplify it 
millions of times; image converter tubes 
for infrared applications, and tubes 
that give sharp eyes to our radar warn- 
ing systems. 
Other ITT tubes include types for 
industrial power, rectification, and 
radio-TV broadcast transmission. 


In the free world today, nine ITT 


System companies are developing and 
building electron tubes for hundreds of 
essential and sophisticated tasks—in 
laboratories, industry, global communi- 
cations, and national defense. For infor- 
mation, write ITT Components Divi- 
sion, Clifton, New Jersey. 


. . the largest American-owned world-wide 
electronic and telecommunication enterprise, 
with 101 research and manufacturing units, 14 
operating companies and 130,000 employees. 


INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 67 Groad Street, New York 4,N.¥Y. 


ITT COMPONENTS DIVISION + ITT FEDERAL DIVISION «+ ITT INDUSTRIAL PRODUCTS 
AIRMATIC SYSTEMS CORPORATION + KELLOGG SWITCHBOARD AND 


CORPORATION * 
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DIVISION + ITT LABORATORIES + INTELEX SYSTEMS INCORPORATED 
SUPPLY COMPANY + ROYAL ELECTRIC CORPORATION + 
FEDERAL ELECTRIC CORPORATION * ITT COMMUNICATION SYSTEMS, 


STANDARD ELECTRIC CORPORATION * LABORATORIES AND MANUFACTURING PLANTS 


AMERICAN CABLE & RADIO 


INC. « INTERNATIONAL ELECTRIC CORPORATION * INTERNATIONAL 
IN 20 FREE-WORLD COUNTRIES 
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INSTRUMENT 
SERVO-AMPLIFIERS! 


an addition to the DIEH L family of 


INSTRUMENT SERVO 


This new line of Instrument Servo- 
Amplifiers, coupled to an already es- 
tablished family of DIEHL Instru- 
ment Servomotors, Tachometers and 
Gear Reducers, further expands the 
new DIEHL concept of furnishing 
high quality servo components in 
modular form. 

These units have been designed so 
that a true servomotor-amplifier com- 
bination featuring faster SERVO re- 
sponse is at last available from a 
single source of supply. 

DIEHL Instrument Servo-Amplifiers 
are supplied in ratings suitable for 
driving the popular 1, 5 and 10 watt 
motors and use printed circuitry for 
high reliability. 


Write for detailed information on this com- 


COMPONENTS 


FEATURES 


e Standard rack mounting. 

¢ Control adjustments for gain, 
phase, internal feedback, and 
external feedback. 
Push-pull output stage 
matched to motor control 
phase. 

e A.C. or D.C. input. 
With or without integral pow- 
er supply. 
Reliable, premium 
vacuum tubes. 


piel 


quality 





SINGER 


S: 


plete line of Instrument Servo Components. 


DIEHL MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


other available components 


© AC SERVOMOTORS * AC SERVOMOTORS 


WITH AC TACHOMETERS * DC SERVO SETS 


® AC SERVOMOTORS WITH DC TACHOMETERS * AC AND DC TACHOMETERS * RESOLVERS 


*A Trademark of DIEHL MANUFACTURING COMPANY tA Trademark of THE SINGER MANUFACTURING COMPANY 
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TRANSISTOR BREADBOARD 


Rapid evaluation of transistor charac- 
teristics in various circuit designs can 
be made on this Model TB-1 elec- 
tronic breadboard. Six resistance and 
four capacitance substitution boxes 
nest in the upper half of the unit 
and may be arranged so as to closely 
resemble the schematic layout of the 
test circuit. Resistance values range 
frcm 15 ohms to 10 megohm; capaci- 
tance values, from 0.0001 to 0.22 fd. 
Seven small precision meters permit 
all current and voltage readings to be 
made without switching. Jumper 
leads, box terminals and meter term- 
inals are equipped with snap-on con- 
nectors for fast set-up—Abrams In- 
strument Corp., Lansing, Mich. 
Circle No. 209 on reply card 


COMPUTER CHECK PANEL 


New preventive maintenance check 
panels provide a convenient means of 
verifying the accuracy of fully-ex- 
panded 16-31R and 16-131R PACE 
analog computing systems and other 
smaller or nonstandard systems. Units 
are permanently wired with control 
and selector switches that permit se- 
quential testing of all major com- 
puting elements. With proper use, 
the panels should reduce unnecessary 
trouble-shooting and minimize down- 
time. Checks ca nbe made in the 
middle of a problem without disturb- 
ing the problem set-up.—Electronic 
Associates, Inc., Long Branch, N. J. 


Circle No. 210 on reply card 


SIMPLIFIES ANALYSIS 


Developed for use with L&N’s Electro- 
Chemograph, the new Polarotron 
dropping-mercury electrode contains 
a stable half-cell which enables the test 
vessel to be rotated for quick change of 





on 
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NEW BAILEY 
Multi-Pointer Gage 


pieeneee 


MILL FORCED 
PRESSURE DRAFT 


...haS twice as many indicators 
...No taller than a telephone! 


Now the popular versatile Bailey Multi-Pointer Gage has 
been reduced in size to conserve control panel space—without 
loss of easy readability. 


Each new Multi-Pointer Gage Unit offers you these three 
choices to—- 


1. Measure and indicate draft, pressure, differential pressure 
and level. 

2. Transmit above variables either pneumatically or elec- 
trically to remote indicators, recorders and /or controllers. 

3. Receive and indicate any measured variables which may 
be transmitted pneumatically by standard SAMA ranges 
of 3-15 psig. or 3-27 psig. 

FEATURES 


Compact Size—Two large, easily-read 7” scales in space only 
4 inches wide. 


Wide Range Selection — Standard ranges from 0-0.5 in. H20 
to 0-5000 psig available. 


Choice of Standard Colors — Satin Black, Slate Gray, Moss 


Green, or Terra Tan may be selected as an exterior color at 
no additional cost. 


Colored Scales — Scales available in white, red, green, blue, 
yellow, or orange. 


Fluorescent Ilumination —All gages have slideout unit con- 
taining bulb and starter for ease of maintenance. 


Readily Accessible Adjustments — Zero adjustment made 
from front of gage. Other adjustments made from rear of gage. 


Two-point Positive Mounting — Gage unit mounted with two 
clips . . . no holes to drill or studs to weld. 


Unlimited Indications — Any number of basic two-indicator 
units may be placed side-by-side to provide indications of 
related factors. Each two-indicator unit is separatel ymounted. 


For additional information, call your local Bailey District 


Office. or write us direct. G47-1 


Instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD 


CLEVELAND 10, OHIO 


in Canada—Baliey Meter Company Limited, Montreal! 
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SIGMA RELAY FOR MILITARY 
EQUIPMENT NOW TWICE AS gare 
SENSITIVE; DESIGNERS GET i si'siats is Sis 


TWO WEEKS OFF 














Sensitive relays’ have very little company these days, as they continue to 
do the same job they always have, but on less and less take-home power. 


There was a time when you could say a relay was sensitive if it would 


operate around 50 milliwatts or so; now, it has to do the same work on 
about half as much coil power. Alas, the price of Progress she comes high... 


With this philosophy firmly implanted, 
our Chief Sensitivity Engineers took a 
perfectly good “military” Sigma relay of 
fairly wide application success and at- 
tempted to make it more sensitive, without 
impairing any of its other characteristics. 
The fruits of their labors is a new adjust- 
ment which is twice as sensitive as the 
original relay, since the required operate 
power is only half as much as the old 
style which is also still available if you’ve 
got double the number of milliwatts to 
play with as anyone else currently building 
military gear. 


With the sensitivity question all straight- 


ened out, these two Chiefs were given | 


their just reward and flown by privately 
chartered aircraft to a secluded spot for 
the vacation they so richly deserved. 
Found among the papers they left behind 
were the following additional facts, which 
may be of interest to anyone who has to 
squeeze an SPDT or DPDT relay into 
1.75 cubic inches and have it work on 
next to nothing, in airborne and 
similar environments. 


*(unlike other people) 





SERIES 22 — “S” ADJUSTMENT 


SENSITIVITY 
CONTACT RATING 
OPERATING TEMP. 

VIBRATION 
SHOCK 
ENCLOSURE 


(Other adjustments of the "22" hove similar ratings, 
except for sensitivity which is 20 and 40 mw.) 


12 mw. SPDT, 20 mw. DPDT 

up to 2 amp. (28V0C/120VAC) 
—65°C. to +125°C. 

10 g to 300 cps 

100 g will not cause damage 
hermetic seal 


Series 22 bulletin on 
request, but you may 
have to wait a little 
while until everyone 
gets back to work— 
annual plant shut- 
down takes place the 








first two weeks of July. 


SIGMA 


SIGMA INSTRUMENTS, INC. 
69 Pearl Street, So. Braintree 85, Mass. 


AN AFFILIATE OF THE FISHER -PIERCE CO. (ince 1999) 
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mercury system, constant-head mer- 
cury column, test vessel, reference 
electrode, reference saltbridge, water 
bath, and gas flowmeter, and elimin- 
ates the problem of setting-up, operat- 
ing, and maintaining the ordinary glass 
polarizing cell. Ideal for applications 
requiring repetitive analyses, it may 
be used with metals, organics, or bio- 
chemicals.—Leeds & Northrup Co., 
Philadelphia, Pa. 
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ANGLE INDICATOR 


Designed for laboratory, production, 
or field work, this compact instru- 
ment consist of a precise angle indi- 
cator, motor, and servo amplifier. The 
standard model, equipped for use 
with a 26-v synchro transmitter, can 
be modified to user’s specifications. 


Characteristics: 


Repeatability: within 0.6 min 
Readability: 0.5 min, 0-360 deg 
Accuracy: within 6 min 

Input: 115v, 400 cps, 1-phase 
—Kearfott Co., Inc., Clifton, N. J. 
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LIMIT DETECTOR 


Two banks of presettable switches es- 
tablish upper and lower limits in this 
new Model 1740 Digital Limit Detec- 
tor. Front-panel lights indicate 
“high”, “within”, or “low’, as the 
unit monitors each cycle of a digital 
counter. Contact-closure outputs pro- 
vide classification or control for each 





NEW? snr 


THERMAL TIME DELAY SWITCH 
10-20 Amp. Capacity— SNAP ACTION 


The new Series TH Timer makes accurate switching con- 
trol of high current applications practical and economical 
for the first time! No more bulky, costly thermal switch 
and relay combinations ...no more teasing of load 
contacts in electro-mechanical circuits from slow make- 
and-break. The new Series TH Timer’s SNAP ACTION 
contacts give fast, positive switching of loads up to 
20 amperes. 

There’s a wide choice of contacts, too: SPDT, DPDT, 
Double Break, Magnetic Blowout DC and others to 
match your needs. 

This new, compact timer automatically compensates for 
ambient temperature changes, by using two parallel bi- 
metal strips. Longer life comes from the rugged, totally 
enclosed cast ceramic heater. And you can adjust your 
time cycle easily with a single screw. 

These new developments are just two recent Available in time cycles from 15 seconds to 2 min- 
utes, the new Series TH Timers are the low-cost 
answer to switching in air conditioning, refrigeration, 
trial timing devices which now exceeds 1,700 exhaust and heater controls, computers, lighting, and 
controls. If you would like more information a host of other applications. 


about the line, drop us a note requesting our For complete information, write today for Bulletin #900. 


general catalogue. 


PUNCHED CARD PROGRAMMER 


Direct Control from Programmer to Process! 


Here’s the simple, dependable method of applying true 
automatic control to most of your manufacturing and 
operational processes . . . direct control of up to 85 indi- 
vidual load circuits through as many as 30 separate 
functions . .. with permanent, convenient 5” x 9” Mylar* 
punched cards. 

Operation from any switch closure makes this electro- 
mechanical card reader easily adaptable to a variety of 
control systems, including analog, digital, temperature, 
feed-back, photoelectric, time and many others. Already 
in use for a wide variety of industrial and military appli- 
cations, these flexible units are easily modified to meet 
your particular requirement. 

For more information, write for Bulletin #100. 





\WOustRam 
TIMER 


items added to our ever growing line of indus- 


AFFILIATE—LINE ELECTRIC COMPANY *Reg. T.M. du Pont 


INDUSTRIAL TIMER CORPORATION 


1419 McCARTER HIGHWAY, NEWARK 4, N. J 
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This Automatic Pulse Timer mounts in a 

standard 3%” mounting. The initial usage Model K-165 

of the Automatic Pulse Timer was for a difficult instrumentation prob- 
lem encountered on test aircraft—timing the pulses from a fuel flow 
transducer and thus determining specific fuel consumption. It success- 
fully replaced a complex and unreliable method. 

The Automatic Pulse Timer incorporates an uni-directional Stepper 
Motor along with complimentary gears, cams, solenoids, switches, an 
indicator light and—for an accurate independent time base—a stop 
watch. It is designed to visually record the lapsed time of an occurance 
of a specific number of electrical impulses. The Pulse Timer can count 
pre-selected quantity of 2 to 60 pulses, having a uniform or variable 
rate up to 25 pulses per second. 

In this application the combined accuracy of the fuel flow transmitter 
and the automatic pulse timer is better than 1%, and of this the timer 
contributes essentially no error. When the broad input requirements 
are available, the unit can be used for timing pulses regardless of the 
source from which they may originate. 


DETAILED OPERATIONAL SEQUENCE IS AVAILABLE UPON REQUEST. 


STEPPER MOTORS corporation 


Subsidiary of California Eastern Aviation, Inc 


7442 West Wilson Avenue @ Chicago 31, Illinois 
@ WEST COAST . . . 1732 W. SLAUSON AVE., LOS ANGELES 47, CALIF. 
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of these conditions. Limits may con- 
tain from one to 10 digits (model 
shown has seven).—Systron Corp., 
Concord, Calif. 
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PLUS... 


(214) A portable ac- or battery-op- 
erated checkout system for confidence 
level tests on air traffic control bea- 
cons has just been announced by 
Packard Bell Electronics Corp., Los 
Angeles, Calif. . . . (215) Potential, 
Inc., Solana Beach, Calif., now offers 
the Model 201 Functional Multiplier, 
a lab instrument capable of instanta- 
neous, four-quadrant multiplication of 
two electronic signals. . . . (216) Main 
features of the M-24 Digital Volt- 
OHM-Ratiometer, a product of Non- 
Linear Systems, Inc., Del Mar, Calif., 
is its 0.l-mv and 0.l-ohm sensitivity. 
.. . (217) Ohio Semiconductors, Inc., 
Columbus, O., has started pilot pro- 
duction of its Type TA-11 Thermo- 
cell, a thermoelectric junction that 
will produce a temperature differential 
of 40 deg C with an input power of 2 
watts. 
Circle No. 214, 215, 216 
217 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


3.6 SEC ACCURACY 

Pictured here is the transducer used 
in a new electromechanical angle en- 
coding system, designed to provide 


a continuous digital display of shaft 


angle, and capable of resolving 1,000 
parts per deg. Within the transducer, 
a code disc resolves integral degrees 


and provides a binary-coded decimal 


signal to a code translator for direct 





REPORT FROM ARMA 


The Missile Train—Mobile Sunday Punch 


In the foreground above is the mis- 
sile train—a hit-and-run Sunday 
punch for our modern Army. In 
event of war, the train could fire a 
missile with nuclear warhead, move 
rapidly miles away, then fire other 
missiles...without becoming a 
vulnerable stationary target itself. 
The missile train would be an ever- 
present threat to the enemy’s tac- 
tical units over a wide area. 


For such imaginative projects as 
the missile train, which combines 
maximum mobility with maximum 
firepower, ARMA has developed an 
equally imaginative universal navi- 
gation system. Not only can ARMA 
systems rapidly locate and aim all 
types of Army missiles, but they 
are applicable to all types of land, 
sea and air operations. To the 
Army, ARMA offers precise vehic- 


, 


ular navigation systems for use in 
artillery and missile survey, com- 
bat vehicles, tanks, and helicopters 
as well as remote control types for 
mine detection and atomic blast 
survey. Precision navigation sys- 
tems are ARMA’s business from 
ships to ICBM’s and—beyond. 

ARMA, Garden City, N. Y., a divi- 
sion of American Bosch Arma 
Corp....the future is our business. 


AMERICAN BOSCH ARMA CORPORATION 
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Cylinders need not 


be expendable 


Specify the 


“Wa 


Snacemaker 


for longer, more efficient cylinder service 


You too—can reduce replacement expenditures 
—lower maintenance costs with the T-J Space- 
maker cylinder line. Designed and engineered 
for ruggedness, and accuracy of operation, the 
Spacemaker assures longer, uninterrupted 


operation. 


The T-J Spacemaker eliminates tie-rods, gives 
greater strength, saves space... and reduces 
costs in all push-pull operations. Immediate de- 
livery in a complete range of styles and capac- 


ities .. 


. air or oil. Write for Bulletin SM 155-4, 


today. The Tomkins-Johnson Company, Jackson, 


Michigan. 


WITH EXTRAS . 


1, METAL PISTON ROD SCRAPER—pro- 
tects rod packing, cylinder bore 
and rod surface by removing all 
foreign particles. 


2. NEW “SUPER” CUSHION for air or 
METALLIC SELF-ALIGNING MASTER 
CUSHION for oil. 


3. HARD CHROME PLATED CYLINDER 
BORES AND PISTON RODS for greater 
protection and reduced wear. 


4.oNE PIECE PISTON assures better 


alignment, longer bearing and pack- 
ing life. 


T-J 


8. 


TOMKINS-JOHNSON 


RiviTOR AIR AND HYDRAU 


. AT NO EXTRA COST 


FORGED SOLID STEEL HEADS through- 
out entire line. 


. PILOTED PACKING GLAND with extra 
long bearing for additional strength 
and support to piston rod. 


+NO TIE-RODS TO STRETCH—gives 
you 360° port rotation . . . less 
space used . . . full strength. 


+ STREAMLINED DESIGN . . . operating 


pressures to 200 PSI, air; 1,000 
PSI oil, non-shock. 


C CYLINDERS CUTTERS 
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CLINCHORS 


NEW PRODUCTS 


digital display. Vernier section of the 
transducer contains a reference stator 
(fixed), a variable stator (attached to 
the input shaft), and a 900 rpm rotor. 
Both stators generate 5.4-Ke tones but 
any displacement of the input shaft 
causes a phase shift between these 
tones. For every 0.001 deg rotation 
of the input shaft, an “add” or sub- 
tract” pulse (depending on direction 
of rotation) is sent to a counter. ‘This 
counter provides the “thousandths”, 
or last three digits in the Nixie dis- 
play.—Norden Div., United Aircraft 
Corp., Milford, Conn. 


Circle No. 218 on reply card 


EXTREMELY SENSITIVE 
Available in Sizes 10 and 22, two 
new non-pendulous single-axis acceler- 
ometers feature threshold sensitivities 
of 10“ and 10° g. Both are ruggedly 
constructed, cover a range of plus or 
minus 10g’s, and use a spring mass 
system that is completely insensitive 
to accelerations normal to their input 
axes. Built to operate in high-vibra- 
tion environments, the units are ideal 
for missile inertial guidance applica- 
tions. Other characteristics of the 
Size 10 model include a calibration 
drift within 0.15 percent per mo, a 
linearity within 0.25 percent, and an 
overall weight of 1.5 oz. Comparable 
specs on the Size 22 are as follows: 
calibration drift, 0.05 percent per mo; 
linearity, within 0.02 percent; weight, 
8 oz.—Kearfott Co., Inc., Clifton, 
i ee 
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THREE NEW ADDITIONS 


Now in full production, three new 
MetalFilm strain gages have been de- 
signed for specific application: a ro- 
sette gage, with a 3-gage 45-deg geom- 
etry, for use on high-performance air- 
craft and missiles; a miniature gage, 
measuring by # by 1/1,000 in. 
thick, for use in steep strain gradient 





100 CPS 
X-Y RECORDING 


with immediate 
readout 


THE NEW SANBORN MODEL 670 
OPTICAL X-Y RECORDER HAS 





» = RECORDING never before possible with electro- 

mechanical instruments can now be done with the 
new Sanborn Model 670 X-Y Recorder. Direct writing on 
ultraviolet -sensitive recording paper by a beam deflected by 
optical galvanometers makes possible the combination of fast 
writing speed and 130 cps frequency response not found in any 
other X-Y recorder. Transistor characteristics, acceleration 
and vibration of mechanical parts and events of similar short 
duration can be recorded with linearity of 1% of full-scale and 
at trace speeds as fast as 2500 inches per second. Square wave 
response exhibits no greater than !5% overshoot at any 
amplitude; sensitivities as high as 62.5 uv/inch (depending on 
preamplifier used ). 


PLOTS OCCUPY AN 8” x 8” RECORDING AREA and can 
be previewed or monitored on the instrument’s phosphorescent 
screen. An Axis Record switch to print X and Y axes on the 
record, and a Beam Intensity Control to assure maximum 
trace clarity, are among the front panel controls provided. An 
8” x 8“ sheet of the ultraviolet-sensitive chart paper (stored 
in drawer at base of cabinet) is easily placed on the back of 
the hinged screen. Brief post exposure in normal room light 
is the only developing process. 


OPTIONAL INTERCHANGEABLE PREAMPLIFIERS for 
each axis presently include the Model 850-1300B DC Coupling 
and Model 850-1200 Phase Sensitive Demodulator; a Carrier 
Preamplifier, High Gain Preamplifier and a time base gener- 
ator are now in development. Driver Amplifiers are compact, 
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e 1% linearity 


e frequency response 3 db down at 
130 cps independent of amplitude 


¢ writing speeds to 2500 in/sec. 
e 8” x 8” direct print paper chart 


@ trace monitoring on 
phosphorescent screen 














fully transistorized plug-in units with single-ended input and 
output. Galvanometers are low resistance, low voltage units 
of rugged, enclosed construction; sensitivity and damping are 
independent of coil temperature. Accessible, unitized circuitry 
also extends to the power supplies—a front - panel plug-in for 
both preamplifiers and a second supply for both driver ampli- 
fiers. A built-in blower provides constant, forced filtered air 
cooling. The Recorder can be rack mounted in 15%" of panel 
space, or housed in its own 20” x 20” x 2114” optional port- 
able cabinet. 


Ask your local Sanborn Sales-Engineering Representative for complete 


information on the Model 670 X-Y Recorder, or write the Industrial 
Division in Waltham, Mass. 


INDUSTRIAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS. 
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FRIDEN MODEL SRW... 


does a problem that once 
was tedious, complex 


o 





SQUARE ROOT 
...@ppears automatically 
in the dials of Friden 


Model SRW when you touch one key | 


SEE HERE HOW IT'S DONE 


corresponding to posi- 
tion of decimal point 
in the radicand 


root is to be taken on 
Friden SRW keyboard 


Set number from which 2 Touch Square Root key 3 See root appear in dials. | 


ing root is eliminated 


For the first time on any desk calculator Friden Model SRW pro- 
vides touch-one-key extraction of square root. This of course is in 
addition to all standard Friden Calculator features. Thus Friden 
Model SRW is The Thinking Machine of American Business PLUS. 
It performs more steps in figure-work without operator decisions 
than any other calculating machine. Can you use one? 


6 
..»- WORKS THE WORLD'S 
| C] FIGURE-THINKING PROBLEMS 
AUTOMATICALLY 


Friden sales, service and instruction available throughout the U.S. and the world 
...Friden Silver Anniversary * 1934-1959 


Send for new Square Root Calculations Manual. Tells how 
calculating machine with unique automatic square root 
extraction feature does higher mathematics including 
triangulation, statistics. Free—no obligation. 


FRIDEN, Inc. Dept. CE-759 
San Leandro, California 


Please send Square Root Calculations Manual to: 


Name 





This figure can be re- 
tained on keyboard if | 
desired for further cal- | 
culation. Need for copy- 








Cc y 





P 


Address 





City Zone State 
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NEW PRODUCTS 


areas; and a high-fatigue-life unit for 
measuring severe high-speed dynamic 
strains. Resistance values are 120 
ohms for each section of the rosette 
gage, 60 ohms for the miniature unit, 
and 500 ohms for the high-fatigue-life 
type. Largest of the three is the 
rosette gage which is 4 in. square. 
—Tatnall Measuring Systems Co., 
Phoenixville, Pa. 
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LIGHT SENSITIVE 


These small, light-dependent resistors 
consist of cadmium sulfide cells with 
silver electrodes. For a light intensity 
change from total darkness to 1,400 
foot-candles, their resistance ratio ex- 
ceeds 25,000 to 1. Benefits include 
long life, low cost, and the elimination 
of high-gain amplification stages.—Fer- 
roxcube Corporation of America, Saug- 
erties, N. Y. 
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SAVES POWER & TIME 


Already in service on a number of well- 
known missiles, a new unheated, 
floated rate gyro features a built-in 
mechanism for temperature compensa- 
tion. A bellows, a slotted spring steel 
damping cylinder, and a fixed can sur- 
face mechanically maintain stability 
of the gyro over a wide temperature 
range. The new design completely 
eliminates the 50 to 100 watts of 
heater power required in other units 
to continuously maintain the highest 
expected temperature. It also elimi- 
nates the 10-to-30-min warm-up time. 
Unit operates at 150 g shock and 25 
g vibration.—Ketay Dept., Norden 
Div., United Aidcraft Corp., Com- 
mack, N. Y. 
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FOR THE ENGINEER 


It’s not surprising, considering our unique 
experience in the design of circuits and com- 
ponents for automatic telephone exchanges. 


What’s more, AE relays and stepping 
switches are unique in their own right — 
because they’re built to have substantially 
zero variation in operating characteristics 
for life. 

As an example: the AE Class B Relay, illus- 
trated, provides hundreds of millions of 
operations with unfailing contact reliability, 
and seldom needs maintenance. For this 

















who can't sleep nights 


If you’re losing sleep over a sticky problem 
in automatic control, AE can help—because 
AE has a reputation for making things work 
automatically. 


reason, it is probably the most inexpensive 
relay you can use where infallibility is an 
essential. 


AE relays and stepping switches are custom- 
made to your specifications — and are also 
available wired and assembled into complete 
control units. And we’re always glad to sug- 
gest specialized circuits that may cut your 
end costs. 


Want more information? Just write the 
Director,Control Equipment Sales, Automatic 
Electric, Northlake, Illinois. 


Also yours for the asking: Circular 1702-E, 
Relays for Industry, and a new 32-page 
booklet on Basic Circuits, 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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‘RAMBLINGS ON 
_INSTRUME NTA TI ON 


Confessions of 
an R&D Spy 


While waiting nervously for one of the 
rare audiences granted by our Chief Engi- 
neer, our eyes lit on a memo stamped 

“TOP SECRET” lying on his desk. Feel- 
ing somewhat guilty, we scanned it. It 
began: ‘‘Chief, don’t blab this to Sprague 
ee 

Feverishly, we read on. The gist of it 
was that good old R&D had succeeded 
in developing a new low range oxygen 
analyzer that meets some rather stringent 
specs we handed them a short while ago. 
Not only, we read, does the product meet 
the specs but it is already im production! 
(Our R&D Department takes a motherly 
attitude toward new products. When 
somebody buys one it's almost like having 
a son leave home. Hence the secrecy. ) 

Using private-eye methods, we suc- 
ceeded 1n ferreting out further information 
of possible interest to customers. The 
specs of our new model 632 Analyzer, 
for instance: 


Ranges: 0 to 1%, 0 to 2%, 0 to 3% Oz 
Accuracy: + 2% of Range 

Zero Stability: + 1% of Scale 
Time Constant: 5 to 7 seconds 
Hydrogen Insensitivity: To 50% 


GAS OUT 


“Magnetic Wind"” generated by presence of Oz 
in sample produces flow of gas from left to 
right, cooling left hand and warming right 
hand windings. 


THE HAYS CORPORATION*MICHIGAN CITY 3 


The analyzer works on a new concept 
of a principle we've proved out for over 
a decade in our Standard Magno-therm 
O2 Analyzer. That is, that oxygen— 
almost alone among common gases—is 
paramagnetic. By somehow measuring 
variations in the paramagnetic properties 
of a given volume of gas, our analyzer 
develops a highly accurate reading of its 
oxygen content. It measures like crazy 
even when changes are as miniscule as 
.01% Oz. And there are-no moving parts 
to be oiled, greased, sharpened, ground, 
re-wound or degaussed. 

The important characteristic of Hydro- 
gen insensitivity can be easily explained, 
according to our Engineer, by this sketch 
of the analyz zing cell couple ed with the 
impressive formula: 


Q=kATA.L 
L 


where Q is the amount of heat trans- 
ferred due to the thermal conductivity 
of the gas. Since A, area of the cell 
cross member, is small with respect to 
its half length, L, the value of Q is 
negligible. 


Suppressed Ranges 


If your problem is getting an accurate 
measurement of king-sized quantities of 
oxygen, we can supply this analyzer cali- 
brated for Suppressed Range Oz, opera- 
tion, e.g. 98 to 100% or 18 to 21% Ox. 

From the foregoing, any man with an 
oxygen measurement problem can easily 
deduce that the Hays Low Range and 
Suppressed Range O: Analyzers have fea- 
tures that beggar description. Our Chief 


Engineer has tentatively agreed to release | 


the complete details to those prospective 

customers with proper credentials. 
However, I suggest you write directly 

to me, with or without credentials. Hav- 


ing an intense fiscal involvement in the | 
matter, I personally guarantee to send you | 


either the information or the Chief Engi- 
neer himself, whichever appears more lucid. 


Sm 


7, INDIANA 
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NEW PRODUCTS 


4-SEC RESPONSE TIME 


Shown is one of three new high- 
temperature resistance thermometers 
which, when properly bonded to flat 
surfaces, have time constants as short 
as $ sec. Units feature Hytemco grids 
and nickel lead wires, and will operate 
continuously at 800 deg F. Self-heat- 
ing error is only 1 percent with a 15 
ma current.—Arthur C. Ruge Asso- 
ciates, Inc., Hudson, N. H. 
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FOR SMALL FLUID FLOWS 


In the photo above, a differential reg- 
ulator has been combined with one 
of the new SK Purge Rotameters 
to provide simple automatic control 
for all types of normal purging appli- 
cations. By itself, the Purge Rota- 
meter represents an inexpensive, 
quality instrument for indicating small 
flows such as the flow of supply air, 
purge fluid, or sample fluid in various 
industrial control systems. Available 
in five different meter tube sizes, these 
units cover flow ranges of from 0.6 
to 4.5 gph water, or 0.5 to 35 cfh 
air. ‘They provide good reproducibil- 
ity and moderate measuring accuracy. 
—Schutte and Koerting Co., Corn- 
wells Heights, Pa. 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





ALCOA DISCOVERS WONDERFUL 
NEW WORLD OF INDUSTRIAL TELEMETERING 


Aluminum Company of America engineers have just cut 
the cost of measuring large amounts of direct current 
used in smelting operations by replacing conventional 
meter-and-shunt arrangements with CONTROL’s trans- 
ductors. Beyond cost-cutting, the installation at Alcoa’s 
new plant at Massena, New York, sets new highs in op- 


distance of several hundred feet, with no direct connec- 
tion to the bus bars which carry the heavy current! The 
CONTROL transductor is in essence a d-c current trans- 
former, and unlike the meter-with-shunt, it can be used 
for remote measurements, regardless of distance—and 
still retain its guaranteed + 1% accuracy. This is static 


erating reliability, convenience and safety. Telemeter- 


control, and it’s based on high permeability magnetics. 
ing of a hot 8,000 amperes at 600 volts is done over a 


A transductor catalog awaits your request. 


STATIC CONTROL= 
TRANSDUCTOR = SIMPLICITY 


What appeals to engineers (Alcoa and otherwise) about CONTROL 
transductors is their simplicity. Two Orthonol® (nickel-iron alloy) 
cores are connected electrically in opposition, the bus bar runs through 
them, and you have the world’s simplest device for measuring large 
currents over long distances. No need for calibrated leads (as with 
meter-and-shunt). They are comparatively easy to cut into the line— 
mount like donut current transformers. The transductor loops around 
the bus and is not even directly connected to it! Alcoa sums the read- 
ings from several transductors measuring different bus lines simply 
by feeding their outputs into a totalizing transformer. Potential 
differences of the lines being summed have no effect. Our catalog 
shows the simple circuitry, and details the full range of transductor 
sizes from 200 to 25,000 amperes. Write for your catalog. 


At Alcoa: Technician inspecting CONTROL transduc- 
tor, one of 48 measuring 8,000 amperes at 600 volts. 


ALL THIS... 
AND THE RIGHT PRICE, TOO! 


We’re selling a lot of transductors. It’s their flexibility that catches 

the customers. 70 wit: Variations in ambient temperature, or stresses 

on the bus bar as the building settles have no effect on accuracy. To 

wit: They provide a usable power output: you can run relays and mag- 
netic amplifiers directly from the transductor with no 
booster amplifier. To wit: Additional accessory meters 
can be easily added at a later time. To wit: They install 
easily. You open the line, slip on the CONTROL transduc- 
tor, reconnect—and the job is done. And—they are com- 
petitively priced! The higher the ratings, the less they 
cost compared to competitive methods. Prices and com- 
plete information await your immediate request. 


At Alcoa—Several hundred feet 
away: Readings are taken on 
both individual transductor 
meters and totalizing meter. 


Reliability begins with CONTROL. 


£ ; 
A DIVISION OF MAGNETICS. Inc. 


DEPT. CE-68, BUTLER, PENNSYLVANIA 
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WE MEAN IT... 


.. when we say 


“ESCO will make special rotary switches 
to meet your requirements . 


Dual-tandem, 
gear-operated, 
power-transfer 
switch 


200 amperes, 
triple-pole, 
triple-throw 


triple-throw 


Renneiaelll 


Unusual 

or highly specialized 

cifcuit control requirements 

can be met by special combinations 

’ of standard ESCO components. This includes 
ae = switche to comply with BuShips drawings 
and MIL specifications. 


Write for Bulletin No. 8 


“ESCO of Woes telthat 
ELECTRO SWITCH CORPORATION 
how Au o@iale mS a-1alel-e AS aaalolehdaltsl=fl\t-t-t-t-lolalll-t-3 ac— 
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| wew prooucrs 


CONTROLLERS, 
SWITCHES & RELAYS 


8 


AIR-OPERATED SAMPLER 


The Roto-Jet noiseless, sequential sam- 
pling switch houses up to 45 periph- 
eral contact pairs which are actuated 
sequentially by a rotating jet of air. 
Operating speed exceeds 3,600 clo- 
sures per sec. T'wo-pole switching, at 
any phase angle, can be supplied by 
adding a second row of contact pairs 
and a second air jet synchronized at 
the desired angle.—Electric Regulator 
Corp., Norwalk, Conn. 
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STATIC PROTECTIVE RELAY 


Offered as the first major departure 
from the mechanical induction disc 
design introduced almost 50 years ago, 
the A-C Static Protective Relay is 4 
the size of its predecessors, and con- 
tains no moving parts. All components 
are mounted on a printed circuit board 
secured to a metal frame. An epoxy 
potting compound makes the entire 





DELCO POWER TRANSISTORS 


MILITARY 
COMMERCIAL 


TYPICAL CHARACTERISTICS AT 25°C 
EIA 66 








60 80 80 Delco Radio announces new PNP 
Sere Siees Senaee Clans volts germanium transistors in 2N553 
series —the 2N297A and 2N665, 
designed to meet military specifica- 
tions. These transistors are ideal as 
voltage and current regulators be- 
cause of their extremely low leakage 
current characteristics. All are 
highly efficient in switching circuits 
and in servo amplifier applications, 
and all are in volume production! 
Write today for complete engineer- 
ing data. 





HFE (I, =0.5A) (Range) 40-80 





HFE (1, = 2A) (Min.) 





leg (2 volts, 25°C) (Max.) 





leg (30 volts, 71°C) (Max.) 





Fae (Min.) 





T (Mex.) 





Therm Res. (Max.) 























*Mil. T 19500/36 (Sig. C.) 
**mil, T 19500/58 (Sig. C.) 


NOTE: Military Types pass comprehensive electrical 
tests with a combined acceptance level of 1%. 


DELCO RADIO 


Division of General Motors - Kokomo, Indiana 


BRANCH OFFICES 
Newark, New Jersey Santa Monica, California 
1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 
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@retervreevaeene 


New addition to Sorensen B-supply fam- 
ily features outstanding versatility. A 
voitage range of 0-300 vdc, at up to 150 ma, 


regulation within +0.15% or 0.3 volt, com- | 
plete flexibility as to polarity or grounding, | 


heater supplies of either 6.3 or 12.6 volts 
ac, and provisions for external sensing are 
big features of the new Sorensen Model 


| 


300B (left). It’s one of the most adaptable | 


B supplies ever. Outputs of two Model 
300B’s may be connected in parallel for 
higher current or series for higher voltage 
without introducing instability or impairing 
regulation. Model 300B may also be con- 
nected to supply constant current within a 
specified range. Sorensen has B Nobatrons 
to supply almost every need of electronic 
research lab or precision equipment builder. 
They come in output voltages up to 1000- 
vdce; models have adjustable front- panel 
controls and hold their regulation over an 
astonishingly wide voltage range. Bench or 
rack-mounting models. Write for specs. 


New unregulated supplies offer economy, 
wide adjustment range. Unregulated, but 
highly adjustable, the new Sorensen RC- 
Nobatron Rangers, like the Model RC36-30 
(left), are exceptionally simple and rugged 
d-c supplies consisting basically of a vari- 
able autotransformer and rectifier-filter cir- 
cuit. They come in models to supply 0-36 
or 0-150 vde and each model has an auxil- 
iary a-c output of 0-130 vac. Each voltage 
range comes in two power capacities (ap- 
proximate maxima): (1) 500 watts dc and 
(2) 1 kw dc. A transformer completely iso- 
lates d-c output from a-c input and output; 
entire circuit is completely isolated from 
chassis ground. D-c output voltmeter and 
ammeter supplied. Available for bench or 
19” rack. All models: 115 vac, 60 cps. s.4s 


See your nearest Sorensen Representative or write us for complete details on these 
new Sorensen d-c power supplies. And may we remind you that our engineers are 
always ready to consider your special power supply needs, whether this involves 
modification of an existing unit or the design of a complete power system to meet 


NEW PRODUCTS 


unit insensitive to shock and moisture. 
Response of its solid-state components 
enables the relay to delay tripping if 
a given overcurrent condition im- 
proves, and advance tripping if the 
condition becomes more severe. Front 
panel control knobs permit time and 
range settings; neon lights provide in- 
stantaneous and time trip indications. 
—Allis-Chalmers Mfg. Co., Milwau- 
kee, Wisc. 
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CLEAN DESIGN 


The Model 3030 Numerical Push 
Button Station, designed for manual 
data input operations, combines simple 
rugged construction with clean func- 
tional design. Momentary contact 
buttons have been spaced on § in. 
centers to reduce the possibility of 
accidental operations of more than 
one button at a time. Manufacturer 
will furnish the unit with any combin- 
ation of two form A, B, or C contacts 
per station. Contacts are rated at 3 
amp, 110v, non-inductive. Panel open- 
ing required is 64 in. by 3 in. high. 
Carlton Controls Corp., Worcester, 
Mass. 
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complex requirements. 


SORENSEN & COMPANY, INC. 


S neni 
Mn, a WIDEST LINE OF CONTROLLED-POWER photo 
EQUIPMENT FOR RESEARCH AND INDUSTRY 


Richards Avenue, South Norwalk, Connecticut 


PACKAGED CONTROLS 


illustrates some of the new 
miniaturized control circuits that have 
vat ; ‘ » AP ate 
IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. been built around the API meter- 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. relays. Both round and rectangular 
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KLIXON . 


CIRCUIT BREAKERS, 
PRECISION THERMOSTATS, 
SWITCHES and OVERHEAT PROTECTORS 


For Electronic, Radar and Radio Equipment, Ground 


Support Equipment, Missiles and Aircraft Controls 


NEW KLIX' 





NEW KLIXON UL han 


KLIXON KX-5 SERIES 
PRECISION SWITCHES 
Hermetically sealed snap-acting 
limit switches. Seal uses metalized 
ceramic terminal inserts and metal 
diaphragm. Switching element, one- 
piece sine blade. Steel case with- 
stands high impact and compression 
loads. High temperature resistance 
to 375°F. Vibration resistance to 25 
g's, 0-2500 cps. Ratings to 10 am- 
cares, 115 VAC or 30 VDC resistive. 
25,000 cycles minimum life. Ambient 
temperatures range, —65°F to 
+375°F. Weight 1 oz. Variety of 

actuators available. 


NEW KLIXON D6760 
SIMULTRIP* CIRCUIT BREAKER 
Thermal type, three phase. Inter- 
rupts high AC short circuits . . . trips 
quickly . . . provides simultaneous 
tripping of all three phases should 
any one phase become overloaded. 
Phases can be different ratings. 
Ratings 5 to 60 amperes. 120/208 
VAC, 60/400 cycle systems and 
220/440 VAC, 60/400 cycle systems. 
Weight 227 grams. Minimum AC 
rupture capacity 2500 amperes, | ¢, 
120 VAC, 400 cps. Ultimate trip @ 
77°F, 105-130%. 200% trip, 10-65 

seconds. 
*Trade Mark 


ON 

PRECISION THERMOSTAT 
Hermetically sealed, vibration re- 
sistant, snap action. Gold plated 
contacts for dry circuit Ay: gee 
Conforms with MIL-E-5272A and 
MIL-T-5574A. Preset and non- 
adjustable. Temperature settings 
from —65°F to +400°F. High dielec- 
tric strength 1250 VAC. Ratings up to 
7 amperes, 30 VAC/DC resistive; 
or 6 amperes, 125 VAC; or 3 am- 
peres, 250 VAC. Weight 5 grams. 
Special high-reliability version with 
low differential (9°F) available. 


KLIXON D7270-D7271 
CIRCUIT BREAKERS 
Two miniature breakers different 
only in actuators. Simple trip-free 
design about 44 the size of MS25005 
and MS25017. Only three moving 
parts — actuator, slide and thermal 
disc. Ratings 3 to 35 amperes; weight 
1.5 ozs. High rupture capacity 3500 
amperes, 120 VAC, 400 cps; 4,000 
amperes, 30 VDC. 


NEW KLIXON 2862 
PRECISION THERMOSTAT 
Positive temperature control for 
three-phase systems. Hermetically 
sealed, fixed temperature, snap 
action. Controls three phases simul- 
taneously. Temperature settings 
from —65°F to +325°F. Minimum 
differential: 25°F. Rating 5 amperes, 
120 VAC, 60/400 cycles. _ Variety of 

iting brackets | 





KLIXON SINGLE-PHASE 
INHERENT OVERHEAT 
PROTECTORS 
Protect transformers, solenoids, 
electric motors against excessive 
temperatures. Responsive to both 
temperature and current. These 
types are for single-phase inductive 
equipment with maximum continu- 
ous operating temperatures up to 
25°C. Maximum rupture capacity 
is 750 amperes, 200 VAC, 400 cycle. 
Available in automatic and non- 

automatic reset types. 


MICRO-MIMIATUR 

CIRCUIT BREAKER 
Simple push-pull, trip-free design 
Available as shown SPST with 6/32 
screw-type terminal or mounting to 
replace NAF-1357 front-mounted 
fuse. Also SPDT with N/O auxiliary 
contacts and 4 solder terminals. 
Exceptionally small — height 1.420", 
width 0.744", depth 0.562”. Ratings 
% to 5 amperes. Ultimate trip @ 
77°F, 115-145%. 200% trip, 2-15 
seconds. Vibration resistance 10 g's, 
10-500 cps. Shock resistance 25 g's. 
Weight only 0.9 oz. 


NEW KLIXON THREE-PHASE 
INHERENT OVERHEAT 
PROTECTORS 
Designed to match the thermal and 
electrical characteristics of inductive 
equipment, they prevent protected 
components from reaching destruc- 
tive temperatures without limiting 
useful output. For 3-phase equip- 
ment with maximum continuous 
operating temperatures up to 225°C. 
Maximum rupture capacity is 400 
amperes, 200 V, 400 cycles. Available 
in open and hermetically-sealed 
construction in automatic and nons 

automatic reset types. 


Kurxon Circuit Breakers, Precision Switches, 
Precision Thermostats and Overheat Protectors are 
small in size and light in weight; they respond 
quickly and with accurate repeat performance; they 
have ample capacity to handle a wide range of elec- 
trical loads; their calibrations stand up in the face 
of severe environmental conditions. 

Competent Metals & Controls engineers at the 


factory and in the field will gladly make test appli- 
cations of the KLIXON Line. Write for “KLIXON 
Controls for Electronic Equipment, Aircraft and 
Guided Missiles’ Catalog. 


METALS & CONTROLS 


5307 FOREST STREET, ATTLEBORO, MASS. U.S.A 
A DIVISION @F TEXAS INSTRUMENTS INCORPORATED 
SPENCER PRODUCTS: Klixon® Inherent Overheat Motor Protectors « Motor Starting Relays « Thermostats « Precision Switches « Circuit Breakers 
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BORG 1100 MICROPOTS... 


HIGH RELIABILITY 
AT A SENSIBLE 
PRICE... 


.-- heavy-duty scales... 
another Borg 
Micropot application 


Seldom, if ever, will you find another potentiometer 
offering the advantages found in the Borg 1100's 

price range. Total resistance 25 to 100,000 ohms. 
Independent linearity accuracy 0.5% to 0.1%. Life of 
better than 500,000 revolutions. Borg 1100 Micropots are 
available with lug-type terminals or coded flexible leads. 
The price? You'll be amazed! Contact Borg today. 


Ask for catalog BED-A90 


BORG EQUIPMENT DIVISION 


AMPHENOL-BORG ELECTRONICS CORPORATION 
JANESVILLE, WISCONSIN 


MICROPOTS * MICRODIALS + INSTRUMENT MOTORS * FREQUENCY STANDARDS 
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models are available. Round models 
use a 24-in. indicating meter-relay; self- 
contained power supplies and other 
circuit components are housed in 2-in. 
diam barrels that range in length from 
2 to 5 in. Rectangular models, meas- 
uring approximately 2 by 23 by 2? in., 
use built-in VHS _ non-indicating 
meter-telays. Both types can be used 
to trigger appropriate control action at 
adjustable set points.—Assembly Prod- 
ucts, Inc., Chesterland, O. 


Circle No. 228 on reply card 


PACKAGED LOGIC 


Logic units in the square D Static 
Control line duplicate the functions 
of machine tool relays, stepping relays, 
latching relays, and timers; and at the 
same time provide space economy, un- 
limited life, improved reliability, and 
instantaneous response. Called NOR- 
PAKS, these units consist of multiple 
transistor NOR circuits which can be 
arranged to perform any of the com- 
mon logic functions (AND, OR, 
NOT, and MEMORY).—Square D 
Co., Milwaukee, Wis. 


Circle No. 229 on reply card 


POWER SUPPLIES 


GAS DRIVE FOR CHARTS 


Designed to operate without attention 
as long as gas pressure is available, the 
Rockwell Gas Drive provides power 
for the accurate and automatic opera- 
tion of recording charts. The unit is 
particularly suited for remote installa- 
tions such as off-shore oil wells and 
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10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 
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13 23 33 «43 53 63 73 83 93 103 113 123 133 143 153 163 173 
14 24 34 44 54 64 74 84 94 104 114 124 134 144 154 164 174 
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HOW TO USE THESE CARDS: 


210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 
211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361 371 
212 222 232 242 262 272 282 302 312 322 332 342 352 362 372 
213 223 233 243 263 273 283 303 313 323 333 343 353 363 373 
214 224 234 244 264 274 284 294 304 314 324 334 344 354 364 374 
215 225 235 245 265 275 285 295 305 315 325 335 345 355 365 375 
216 226 236 246 266 276 286 296 306 316 326 336 346 356 366 376 
217 227 237 247 267 277 287 307 317 327 337 347 357 367 377 
218 228 238 248 268 278 288 298 308 318 328 338 348 358 368 376 
219 229 239 249 269 279 289 299 309 319 329 339 349 359 369 379 
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CONTROL ENGINEERING 
330 West 42nd Street 
New York 36, N. Y. 











INSTRUCTIONS 


Use these reader service cards 
to get more information on 


advertised products, new product items 
or catalogs and bulletins 
appearing in Control Engineering 





Circle number on card that 
coincides with key number 
listed at bottom or 

adjacent to item of interest. 


Fill in your name, title, 
company and address. 
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Mail card immediately. 





BUSINESS REPLY MAIL 


Piret Clase Permit No. 64, (Ser. P. A. & BR.) New York, N. Y. 











Reader Service Department 2 (7/39) 
CONTROL ENGINEERING 
330 West 42nd Street 

New York 36, N. Y. 








optical 
mechanical 
electronic 


The sum total of the skills involved in 
the conception, design, development and 
manufacture of complete optical systems 
frequently cuts across many fields. Koll- 
morgen combines technical skill and com- 
plete facilities for highly precise work in 
optics, mechanics and electronics. From 
the engineering design and mock-up stages 
through development, manufacture and fi- 
nal testing, Kollmorgen can handle the 
whole job. 


Your remote viewing, inspection and test- 
ing problems can receive the careful atten- 
tion of this completely integrated facility. 
A simple sketch is enough to get us started. 
Inquiries should include such information 
as the size and nature of the objects to be 
observed, the presence of adverse condi- 
tions such as temperature extremes, blast 
and explosion, radiation, etc. For informa- 
tion on particular instruments, please 
write Dept. 217. 


kK, KOLLMORGEN 


Cc optical corporation 
NORTHAMPTON, MASSACHUSETTS 
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NUCLEAR INSTRUMENTATION 


Continuous strip fuel inspection cameras. 
Hot cell periscopes, underwater periscopes. 


Periscopes can be provided with Radiation 
Resistant Optics, internal Radiation Shield- 
ing, Corrosion Resistant Materials, Pressur- 
ized Construction, Interchangeable Viewing 
Heads, Interchangeable Eyepieces, Micro- 
scope Relays and Camera Attachments. 


MISSILE PERISCOPES 
These bunker-type periscopes are designed 
by Kolimorgen to customer specifications. 
They allow close, detailed observation dur- 
ing launching, static tests and fueling op- 
erations without endangering the viewer. As 
in all Kollmorgen periscopes, the excellent 
light-gathering power of these instruments 
makes them easily adaptable for photogra- 
phy or television purposes. All are hermeti- 
cally sealed and maintenance-free. 


PRECISION OPTICS 
Kollmorgen’s well-equipped optical shops 
produce all types, shapes and sizes of 
lenses, prisms and mirrors to meet the most 
exacting requirements of industry and de- 
fense. Quantities from one of a kind to 
production runs of thousands. Individual ele- 
ments or complete optical systems. 


SUBMARINE PERISCOPES 
The Nautilus and her sister ships of the 
atomic fleet, like almost all other U. S. 
submarines, are equipped with periscopes 
designed and manufactured by Kollimorgen. 


SPECIAL PRODUCTS 


Borescopes—in lengths from a few inches 
to forty feet, diameters from .100” to two 
inches. Motion picture and television lenses. 
Riflescopes for the military. Optical training 
devices. Collimators. Transit optics. Elec- 
tronic devices (classified). Aerial camera 
and bombsight lenses. 
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Engineers from many fields EE, ME, Metallurgy, Physics 
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Exploring New Areas in Controls and 
Instrumentation for Nuclear Powered Flight 


The peculiar characteristics of a reactor as a 
power source for flight require a new approach 
to controls system engineering at General 
Electric’s Aircraft Nuclear Propulsion Dept. 

Many problems are introduced — not asso- 
ciated with chemically powered engines, for 
instance: 


RADIATION and HIGH TEMPERATURE CON- 
STRAINTS. For example, electronic sub-systems 
—such as the Electronic Amplifier Assembl 
pictured above can operate reliably under high 
gamma and neutron bombardment and at 
600° F. This calls for new materials and new 
processing techniques — and consequently, 
new design concepts. 

MINIMUM SIZE and MINIMUM WEIGHT commen- 
surate with optimum performance—a require- 
ment of the entire aircraft nuclear propulsion 
program. 


The bulk of the reactor control systems 
mechanisms and circuitry is developed at the 
ANP Control System Laboratories. The de- 
velopment of Controls and Instrumentation 
for a power reactor for aircraft naturally in- 
volves direct testing in reactors. Much devel- 
opmental work is also conducted with analog 
simulators. 








CURRENT OPENINGS FOR: 


Electrical Engineers 
Physicists 
Metallurgists 
Mechanical Engineers 
Engineering Physicists 


AREAS: 


1. Development of Nuclear 
and Temperature Sensors 


2. Development of high tem- 
perature, radiation resistant 
electrical and electronic cir- 
cuitry 

3. Systems Analysis and De- 
sign of nuclear power plant 
contro! systems. 








Write in strict confidence, stating salary requirements, to: 


Mr. P. W. Christos, Div. 22-MG 
AIRCRAFT NUCLEAR PROPULSION DEPT. 


GENERAL @@ ELECTRIC 


P.O. Box 132, Cincinnati 15, Ohio 
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NEW PRODUCTS 


gas gathering systems where manual 
winding or electrical operation be- 
comes difficult. Features include a 
self-starting mechanism, explosion- 
proof construction, and an internally- 
sealed timing mechanism. A 25-psi 
air or gas supply enables the unit to 
deliver a 12-lb-in. output torque at 
an arbor speed of one revolution in 
24 hr. Gas consumption is only 4 
cu ft per day.—Rockwell Manufactur- 
ing Co, Pittsburgh, Pa. 


Circle’ No. 230 on reply card 


POWER INVERTER 


Developed for use in missiles missile 
checkout systems, and aircraft equip- 
ment, this solid-state static power in- 
verter converts a 26-30 vdc input to a 
115-volt, 400-cycle ac source with a 
stable 250-va power output. Makers 
claim a life expectancy for the unit 
of 20,000 hours under continuous op- 
eration. It will withstand vibrations 
to 2,000 cps and shocks as high as 30 
times its weight. Output voltage is 
adjustable to plus or minus 5 percent 
—Magnetic Amplifiers, Inc., New 
York, N. Y. 

Circle No. 231 on reply card 


SETS ENDURANCE RECORD 


The first hydraulic pump to complete 
a grueling 1000-hr qualification test, 
using a new fire-proof hydraulic fluid, 
has just been placed in production. 
Four of these units will provide the 
hydraulic power for flight controls on 
the Convair 880 jet transport. A posi- 
tive-displacement type, the pump ran 
through a continuous series of 24-hr 
flights (400 in all) and was subjected 
to temperatures ranging from minus 
65 to plus 225 deg F. Severe condi- 
ditions simulated during the tests in- 
cluded: operation at discharge pres- 
sures of 4,500 psi (1,500 psi above the 
normal operating limit); air entrain- 








==a1scop 
ALL-MAGNETIC 

SHAFT-POSITION 

DIGITAL ENCODER 


Operates Perfectly Under Boiling Water For One Week 


Just to make it hard for ourselves, we boiled one of 
our shaft encoders for a week with its cover off. it 
worked fine both during and after the test. We weren't 
surprised. ASCOP shaft encoders use no active circuitry, 
no optical or mechanical contacts in readout. The only 
contacting parts are the stainless steel bearings. The 
ASCOP encoder is made for tough environments in all 


combinations. If you like, you can drag it through the 
water, shoot it to any altitude, pressure cook it, or bury 
it in the Antarctic and expect it to behave perfectly. We've 
effectively done all these things in our own environmental 
laboratory and we haven't yet extended an EPD-8G encoder 
to its limit. Try it yourself. We can make immediate delivery 
from stock. 


Condensed Specifications 


er ae 
Operating Temperature Range: ............ —80°C to +100°C 
2%” dia. x 144” 


IN xk sth soeccbonponnecin ceeeee 70 BM-Cm?2 


I kt 100G for 6 ms, 4 directions 
for a total of 12 


UE occ cctiie Bas e5.tbe8 55 cps to 2000 cps for 40 min. 
at 15G, and 10 cps to 55 cps 
for 20 min. at 0.12” amplitude 


Brochure, price and applications notes on request .. . 


APPLIED SCIENCE CORPORATION OF PRINCETON 


P.O. BOX 44 
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P 3.281 MAX.— —+ 





3.680 MAX. 








3.680 MAX. 





li- Servo Motors 


G-M LABORATORIES INC 


; 4340 N. Knox Avenue * Chicago 41 
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ment in the fluid; clogged inlet lines, 
and complete failure of the pressuriz- 
ing equipment needed for high alti- 
tude operation—Hamilton Standard, 
Div. of United Aircraft Corp., Wind- 
sor Locks, Conn. 


Circle No. 232 on reply card 
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FLEXIBLE DESIGN 


This rack-mounting Model 802A sup- 
ply houses two identical, but com- 
pletely independent, 0-32v transistor- 
regulated units. If desired, these may 
be series operated as a single 0-64v 
unit with no loss of stability or regula- 
tion. Output voltage varies no more 
than 3 mv for a 100-percent load 
change or a 20-volt change (105-125v) 
in the line. Excellent transient re- 
sponse, low ripple, and built-in over- 
load protection make the unit ideal 
for most transistor applications.—Har- 
rison Laboratories, Inc., Berkeley 
Heights, N. J. 

Circle No. 233 on reply card 


DECADE-SWITCH SELECTION 


Three decade switches on the panel 
of this Model 240 regulated high- 
voltage supply permit fast accurate 
selection of dc voltages between 0 
and 1,000. Applications include: in- 
sulation tests; diode and capacitance 
leakage resistance tests; meter calibra- 
tion; amplifier gain checks; and exci- 
tation of ion chambers and photocells. 


Characteristics 


Accuracy: within 1 percent, above 10v. 
Ripple: under 3 mv, rms 
Protection: relay cutoff at 12 ma 





Engineering Analysis Positions 


Sodium, Organic, Special Purpose 
and Research Reactor Programs 


Rapidly expanding reactor development programs have pro- 
vided additional challenging assignments at Atomics Inter- 
national. AI’s modern headquarters and plant facilities, 
located in the San Fernando Valley of Southern California, 
have become a world-wide center of nuclear reactor develop- 
ment. Here, qualified scientists and engineers have a sound 
future and unlimited opportunities to advance. Currently, 
openings exist in: 


Reactor Engineering. Analysis and design of complete power 
reactor systems and components. Experience in power 
reactor systems and technology is preferred, including a 
knowledge of reactor safeguard methods. 


Core Analysis. Complete nuclear analysis, including critical- 
ity determinations and flux distributions. Must also be con- 
versant with fuel economics and fuel cycle optimization. 


Shielding. Design and analysis of biological and thermal 
shielding for large power plants and compact mobile systems. 


Heat Transfer and Fluid Flow. Steady state and transient 
experimentation and analysis. Power optimization studies; 
free and forced convection flow transients; boiling and two 
phase flow in water, organic and liquid metal systems. 


Structures. Advanced analytical studies in thermal stress 
analysis, structural dynamics, elastic and inelastic behavior 
of plates and shells. Structural analyses are performed for 
transient and steady state operating conditions involving 
mechanical loads, thermal cycling and thermal shock. 


Control. Includes analysis of complete plant control and the 
application of electronic analogue and digital computers to 
reactor systems. Experience in radiation monitoring and 
plant protection systems is necessary. 


For specific details write: Mr.G. G. Newton, Personnel 
Office, Atomics International, 21600 Vanowen Street, 
Canoga Park, California. 


ATOMICS INTERNATIONAL AF> 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
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RESOLVERS—WHEN AND HOW 
YOU WANT THEM AND AT 
MASS PRODUCTION PRICES 


ng Computer System 


From twenty years’ experience in designing and manufacturing 
resolvers, we have developed the means of predicting exactly how resolvers 
of various mechanical and electrical characteristics will perform in your 
system under any given operational conditions. 

Nothing could be surer. You tell us the system performance you 
need. We analyze the requirements and supply the resolvers which 
will help bring you that performance. If none of our many standard 
resolver models fills the bill, we'll build “‘specials’’ that will. 

Because we make, as standard items, just about every type of 
resolver and other synchros, we can usually deliver quickly and at 
volume production prices. Available are frame sizes 8, 10, 11 and 
15. We also make cascaded resolver chains, using resolvers as 
small as frame size 10 with accuracy of 1/6° without using booster 
amplifiers. 

MORE FOR YOUR MONEY. Our unique ability to pre-determine 
performance—and then to “tailor-make” to your needs—means 


that you get maximum value for your component dollar. Write 
for details. 


Eclipse-Pioneer Division “Or nal 


District Offices: Burbank and San Francisco, Callif.; 
Seattle, Wash.; Dayton, Ohio; and Washington, 
D. C. Export Sales & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. Y. 


“FOR PRECISION 
COMPONENTS THAT DO 
THE JOB BETTER—TRY THE 


i BENDIX, 
| SUPERMARKET 
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Load regulation: within 0.02 percent 
—Keithley Instruments, Inc., Cleve- 
land, O. 


Circle No. 234 on reply card 


PRECISE RESULTS 


Use of a specially shielded transformer 
and unique feedback isolation circuits 
completely isolates the output of this 
Model 21 power supply from both line 
voltage and line ground. The unit 
provides 0 to 20 volts at 1 amp regu- 
lated dc power by means of transis- 
torized circuitry. Designed for use 
with bridge-type transducers, it fea- 
tures a special output receptacle for 
remote shielding of power cables— 
Moeller Instrument Co., Richmond 
Hill, N. Y. 

Circle No. 235 on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


PNEUMATIC DRIVE 


JUST CAN’T LEAK 


Well suited for the handling of radio- 
active and toxic fluids, this compact, 
leakproof valve features a completely 
sealed fluid chamber. Only moving 
part is a streamlined, ring-supported 
plug. The outer ring of this element 





slides in a pneumatic drive chamber. 
Bellows on either side of the ring 
completely isolate the fluid chamber 
from the air chamber. In larger mod- 
els, over 2 in., mechanical gear drives 
replace the pneumatic drive. At pre- 
sent, the valve is available only to 
manufacturers for licensing agree- 
ments.—Singmaster & Breyer, New 
York, N. Y. 


Circle No. 236 on reply card 


re 
HIGH-SPEED POSITIONING 


Suitable for heavy-duty applications in 
the aircraft, rocket, and nuclear fields, 
a new series of high-speed, high-ac- 
curacy positioning systems is now 
available with ratings from 1 to 500 
hp. Capable of speeds of 8 ft per 
sec on a 4-in. core cylinder, and ac- 
curacies within 0.05 percent, these 
units are equipped with rugged elec- 
trohydraulic actuators having operat- 
ing pressures as high as 3,000 psi. 
System frequency response is flat to 
19 cps in larger capacity systems, and 
up to 50 cps in smaller systems.— 


CompuDyne Corp., Hatboro, Pa. 
Circle No. 237 on reply card 


DESIGNED FOR INDUSTRY 


The model $S102  electrohydraulic 
servovalve combines rugged construc- 
tion with design simplicity. Devel- 
oped specifically for industrial applica- 
tion this single-stage unit uses a pow- 
erful torque motor to position a 3- or 
4-way spool. Torque-motor coils can 


be furnished to meet various specs 

and an lvdt may be added to provide 

maximum system response. 
Characteristics 

Supply pressure: 1,500 psi 

Flow: 6 gpm at 500 psi drop 

Power output: 4 hp 

Power input: 5 watts 

Internal leakage: 0.2 gpm 

Hysteresis: 2.5 percent 

—Hydraulic Controls Co., Inc., New- 

ton, Mass. 
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SERVICED WITH EASE 


New design of the OPW-Jordan self- 
operated #180 temperature control 
valve features a removable thermal sys- 
tem that permits range changing in 
the field without disturbing valve 
stroke adjustment. A oy heey 
sliding gate assures tight shutoff and 
linear flow. Stock sizes range from 4 
to 2 in. Thermal systems cover ten 
temperature ranges between 35 and 
450 deg F.—OPW-Jordan, Cincin- 
nati, O. 
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BOOSTS RELIABILITY 


A new 6-way, four-position, solenoid- 
operated selector valve, developed for 
use in aircraft hydraulic systems, com- 
bines the functions of two separate 
valves. Its compact design eliminates 
the need for two solenoids and two 
hydraulic-line connections previously 
required, improving reliability and re- 
ducing weight.—Hydra-Power Corp., 
New Rochelle, N. Y. 
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PLUS... 


(241)The Series “A” diaphragm valve, 
by Versa Products Co., Brooklyn, 
N. Y., has been designed specifically 








P.S. cnd don’t forget these 
other quality products at the 


BENDIX 
“SUPERMARKET” 


With our greater variety and 
greater volume of the precision 
components listed below, we 
have become the “supermarket” 
of the industry. We feature fast 
delivery and mass-production 
economy—plus the highest pre- 
cision quality. 


400-CYCLE SYNCHROS 


GYROS 
Directional, Free, Rate, Roll 
and Vertical Gyro Transmitters 
e Stable Platforms 


MOTORS AND GENERATORS 
Gear Head Motors and Motor 
Generators *+ Low-Inertia Servo 
Motors» Motor Generators Pre- 
cision Induction Tachometer 
Generators « Rate Generators 


PACKAGED COMPONENTS 
Analog-Digital Converters « 
Azimuth Counters « Cam Com- 
pensators « Clutched Synchros « 
Dual-Speed Synchros « External 
Slip-Ring Synchros « Follow-Up 
Mechanisms « Miniature Dif- 
ferential Gear Assemblies « 
Servo Assemblies 


RADAR DEVICES 
Airborne Radar Antennae 
Ground Antenna Pedestals 


YoB\BS 


You Can't Beat The Bendix 
“Supermarket”. Try us. 


Eclipse-Pioneer Division 
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CONTROL 


POLARIS 
: X-15 
ATLAS 
HOUND DOG 


BOMARC 
B-58 STAR 
REGULUS AMB 
F-102 


B-52G 
TALL TOM 
DECCA TITAN 


OSPREY 





WF-2 


ASB-8 


SWALLOW 


Systems on Leading Projects Depend on 


NORDEN CONVERTERS 


Why are Norden encoders specified for systems on these 
vital projects? The reasons, of course, are their high accuracy 
and reliability. 


Typical performance is shown by the Self-Selecting 
V-Brush Shaft Position Encoder, one of many Norden 
converter types. It offers automatic error-monitoring, coupled | 
with the completely unambiguous parallel output produced 
through Norden’s unique code disc without extensive 
external brush selection logic. The result is highest 
accuracy and reliability. Accuracy in the model shown is 

1 part in 524,288. 


Other features are small size (standard BuOrd size 18 
synchro mount), longer life (4,000,000 revolutions at 200 
RPM), and wide versatility, all backed by Norden’s 
engineering excellence and modern production facilities. 
Call TRinity 4-6721, or write for complete technical data or 
engineering consultation on applications. 


* * 
\ * 


+ 
\\\ 
4 N ORDEN < Division of United Aircraft Corporation 





| 
Milford Department, Wiley Street, Milford, Connecticut 
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Exceptional openings 
for missile engineers 
and scientists in 


GUIDANCE 
TRACKING 
CONTROL 


The growth of advanced missile 
and spacecraft programs at Boeing 
has created exceptional opportu- 
nities to achieve recognition 
through new applications of guid- 
ance, tracking and control tech- 
niques to space-oriented design, 
developmentandresearch projects. 


Particularly rewarding assign- 
ments are available in the fields 
of thrust vectoring, test instru- 
mentation, servos, sampled data 
systems and nonlinear control sys- 
tems. Among the projects offering 
long-term careers are boost-glide 
vehicles, anti-ballistic missiles, 
interplanetary systems, manned 
and unmanned space vehicles. 


If you have a B.S. or advanced 
degree in electrical engineering, 
or B.S. plus two or more years in 
missile guidance, tracking or con- 
trol systems—and are interested 
in carrying on your work in an 
environment that provides the 
scope and challenge you need— 
write today to: 


Mr. Stanley M. Little 

P. O. Box 3822 - COB 
Boeing Airplane Company 
Seattle 24, Washington 


SIOEANM LS 
...environment for 
dynamic career growth 





NEW PRODUCTS 





to meet the demand for a directional 
control valve that will operate on very 
low pilot or signal pressures. ‘ 
(242) Humphrey, Inc., San Diego, 
Calif., has added an accurately cali- 
brated, vernier, 10-turn dial to its 
Servotran Variable Speed Drives. . . . 
(243) Pressure-reducing valves that use 
internal pressures for control purposes 
and are equally well-suited for com- 
pressible and incompressible fluids, 
have just been announced by the C. E. 
Squires Co., Cleveland, O. 


Circle No. 241, 242, or 243 
on reply card 


COMPONENT 
PARTS 


HIGH STABILITY POT 

An adjusting screw with zero end play, 
wire of a known temperature coefh- 
cient, and a mandrel with selected ex- 
pansion characteristics, are combined 
to provide this new 25-turn wire- 
wound trimming pot with a stability 
of 60 ppm at temperatures up to 190 
deg. C. Production units, vibration 
tested at 2,000 cps, 100g’s in all three 
axes, showed only 0.1 percent change 
in resistance setting, with no contact 
chatter. Overall dimensions are 1.25 
by 0.24 by 0.33 in.; resistance range, 
100 ohms to 100 K; operating life, 
unlimited at 100 deg C.—Aero Elec- 
tronics Corp., Gardena, Calif. 
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FOR HIGH PERFORMANCE 


Three new synchros, two Size 11 and 
one Size 8, have been designed to op- 
erate effectively over a temperature 
range of minus 54 to plus 200 deg 
C. Dimensionally, electrically, and 
mechanically identical to units in the 
manufacturer's R900 Series, the Size 





Typical Control Functions 
solved by AIR CIRCUITRY 


Westinghouse Type “D” Pilotair Valve 


Another of Westinghouse Air Brake’s 
many AIR CIRCUITRY components, the 
“D” PiLotair® Valve is a spool-type direc- 


| tional valve that can be operated by a 
| lever, button, cam, solenoid, air pilot, 


pedal or treadle. Valves available in two, 
three, and four-way operation, two and 
three position, open neutral, lap neutral 
and vented neutral. Port sizes are 44” and 
12” ips. Operators may be on either or both 
ends. Max. operating pressure: 250 psi. 


DESIGN FEATURES. A new design of seal 
and segment construction gives the “D” 
PiLoTaiR® Valve increased capacity and 
requires a minimum of maintenance. By 
rotating operators, their mounting brack- 
ets and any of their ports in 90° steps, 
over one-hundred thousand combinations 
may be obtained. They operate in any 
position with air, gas, water and most oils. 
The “D” PiLorair® Valve can satisfy any 
of your directional valve needs. For more 
information, ask for catalogue A4-75.01. 


What is AIR CIRCUITRY? 


This is the Westinghouse term for applica- 
tion of pneumatic control systems to in- 
dustrial production operations. Safe, eco- 
nomical, precise Air Circuitry is now being 
used to solve the most rigorous and com- 
plex control problems in industry. West- 
inghouse Air Brake has pioneered the ap- 
plication and development of air control 
for more than 80 years. Today our engi- 
neers can design an air circuit which will 


| boost production and cut costs. 


1. AUTOMATIC CYCLING- Supply air flows 
to the cylinder to extend the cylinder rod 
and actuate cam operated valve “A.” By 
operating valve “B” air is bled from the 
right-hand air pilot of valve “C” to oper- 
ate this device and retract the cylinder 
rod. This actuates valve “D” and reverses 
the process. Cycling time may be changed 
by regulating the FLoreG® valve “E.” The 
stroke is set by moving the cams on the 
cylinder rod. 


2. STATION TRANSFER —Any of the three 
stations may capture supply air for the 
station by operating its respective valve. 
This may be expanded to any number of 
stations. 


a SUPPLY z Paes 
3. AUTOMATIC RESET—To reset the op- 
erating valve “A” after completion of an 
operation. Moving the manual operator 
admits supply air to the cylinder to extend 
its rod. At the end of the cylinder rod 
stroke cam operator valve “B” is actuated 
to connect supply air to the air pilot opera- 
tor of valve “A.” This returns this valve to 
its original position. Supply air is then con- 
nected to the cylinder to retract the cylin- 
der rod. The circuit is now ready for re- 
cycling. 


See the Yellow Pages under Cylinders for the Name of Your Loca/ Distributor 


WESTINGHOUSE AIR BRAKE COMPANY 
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W&T 
PRECISION 
ANEROID 
MANOMETER 
FA-129 


ACCURACY 
0.1% 


PRECISE CALIBRATING STANDARD 
... For Absolute Pressure Work 


Ranges: 


Accuracy: 
Sensitivity: 
Scale Length: 
Dial Size: 


0 to 31.5 inches of Hg. absolute (min.) 
0 to 100 inches of Hg. absolute (max.) 
Other intermediate ranges available 


1/1000 of full scale 
1/10,000 in all ranges 
45 inches in two revolutions 


8% inch diameter 


Write for Publication No. A-112.28 


WALLACE & TIERNAN INCORPORATED 








25 MAIN STREET, BELLEVILLE 9,NEW JERSEY 
IN CANADA! WALLACE & TIERNAN LTD.,WARDEN AVE., TORONTO 13, ONT. 
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IF IT’S 


FREE 
FLOWING 
AND DRY 


we have accurate reliable 
means of feeding it. 

For information about 
these dry chemical feeders 


both gravimetric 
and volumetric... 





Write Dept. M-42.28 


WALLACE & TIERNAN INCORPORATED 





25 MAIN STREET. BELLEVILLE 9, NEW JERSEY 
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| NEW PRODUCTS 


11 models incorporate more advance 
temperature resistant parts and impreg- 
nating materials. Similarly, the new 
Size 8 model resembles units in the 
R1000 Series and is ideally suited for 
missile applications where space and 
weight considerations are critical. 
Both types are designed for 400-cycle 
operation, and both have a maximum 
error from electrical zero of 10 min. 
—Kearfott Co., Inc., Clifton, N. J. 
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JIG BORER ACCURACY 


Key components of a new automatic 
machine tool control include a ped- 
estal-mounted control panel, a 
punched-tape reader, a measuring sys- 
tem of linear electrical scales, and an 
electrohydraulic positioning system. 
Photo above illustrates an application 
in which these components are used 
to position the table of a radial drill 
developed by the American Tool 
Works Co. Accuracy of the control 
system is within 0.0005 in. on all 
axes, and considerably better for 
shorter travels. Depending on the 
application and machine tool, ap- 
proach speeds vary from 60 to 200 
in. per min. Operating pressure range 
of the positioning system is from 0 to 
750 psi. In operation, the unit draws 
350 watts from a 115-v, 60 cps line 
and requires a 60- to 120-psi air 
supply at 3 cfm.—Sperry Gyroscope 
Co., of Canada, Ltd., Montreal, 
Canada. 
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FOR HIGH-SPEED SWITCHING 


Three new drift transistors of the 
p-n-p alloy type have been designed 
to handle high-speed switching oper- 
ations in electronic computers. ‘The 
2N643, 2N644, and 2N645 feature 
a minimum gain-bandwidth product 
of 20, 40, and 60 mc, respectively. 
This permits design of switching cir- 





cuits having total rise, fall, and propa- 
034 time in the order of 20 mysec.— 
adio Corp. of America, New York. 
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COMPLETELY MECHANICAL 


Priced at $250, this Model 301 me- 
chanical force amplifier can position 
an 18-oz load with an applied force 
of less than 0.04 oz. ‘Total useful 
travel of both output and input is 2.0 
in. Unit can be directly actuated by 
mechanical flow, temperature, or pres- 
sure elements, and used to position 
automatic controls, recording pens, 
encoders, small valves, etc. An ex- 
ternal source of driving power is re- 
quired.—_American Meter Co., Inc., 
Garland, Tex. 
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PLUS... 


(249) a g-in., 10-turn potentiometer, 
manufactured by Spectrol Electronics 
Corp., San Gabriel, Calif., features a 
type of construction that permits 
high-volume low-cost production with- 
out sacrificing precision. . . . (250) 
Wiltec Electronics, Inc., South Nor- 
walk, Conn., recently introduced a 
Dual-Control Indicator Tyratron that 
produces a bright neon indicating glow 
whenever two coincident signals are 
applied to its control grids. 
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ACCESSORIES 
& MATERIALS 


POTTING COMPOUND 


Cepox 501 and 502 are two new 
thermosetting, low-viscosity epoxy liq- 
uids that exhibit excellent electrical, 
physical, and chemical properties. The 
first is a rigid general-purpose material; 
the second, a high impact resistant 
material for applications involving 
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computer 
tech notes 


News about 


* Computer applications 


*New methods of 
simulation 


* Application of new 
feedback design 
techniques 


* Analog control 
systems 











Your free copy 
of Donner Tech Note #1 
is ready now. 





Lead article in the first issue is titled “How to simulate a non-linear 
control system with an analog computer.” A step by step analysis 
takes you through the intricacies of setting up a Donner analog 
computer to simulate a non-linear positional servo mechanism. 














Non-linear positional servo mechanism simulated in Donner Tech Note #1 











By simulating the system on the computer, the designer can ex- 
amine system performance under the influence of every param- 
eter. Changing constants and observing changes in response gives 
the designer a feel for the system impossible with a strict analytical 
approach. 


Donner Tech Note #1 contains complete photos and diagrams 

showing the solution to this problem. For your copy, call your 

nearby Donner engineering representative or write Dept. 087 
SCIENTIFIC 


D 0 Nl Nl £ COMPANY 
exists at Donner. 


Write today for CONCORD, CALIFORNIA 
full details. Phone MUlberry 2-6161 Cable “DONNER” 
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ELECTRONIC ENGINEERS, 
exciting opportunity 





The same 
mechanism 
that controls 
the horizontal 
tail 


Zh 
may 


ur "improve 
your machine 


tool 
HYP rt I 4 


\URAVRAVRAVRAARAABAARARN 


The G. & L. and Hypro Div. of 
the Giddings & Lewis Machine 
Tool Co. uses 4 Beaver Ball 
screws (up to. 16’ long) per 
machine for automatically 
positioning heads and swivel- 
ing the work chuck of their 
numerically controlled skin 
mills—shown here machining 
wing skin for a jet fighter 
aircraft. 

Our engineers are avail- 
able to discuss machine design 
problems with you. 

& 


H 

Yeaver 
Drecision 
{ Droducts 


| INC. 
a CLAWSON, MICH. 


NEW PRODUCTS _ 


temperature cycling and high mechan- 
ical shock.—Chemical Development 
Corp., Danvers, Mass. 
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IDEAL FOR CORES 
MN-30, a _ new _highly-permeable, 


highly-machinable ferrite, can now be 
supplied in virtually any size or shape 
with dimensional tolerances of plus or 
minus 0.001 in. Its low losses and 
high saturation magnetization make 
the material suitable for applications 
at frequencies up to 500 kc. 
Characteristics: 
Maximum permeability: 6,000 at 2,000 
gausses 
Flux density: 4,250 gausses at 7 oer- 
steds 
Retentivity: 1,300 gausses 
Coercivity: 0.13 oersteds 
Loss factor at 50 ke: 7.5 x 10° 
Curie temperature: 180 deg C 
Kearfott Co., Inc., Clifton, N. J. 
Circle No. 252 on reply card 





PORTABLE SAMPLER 


Low power requirements, high efh- 
ciency, compact size, and light weight 
enhance the design of this new effluent 
sampler. Ideal for use in chemical 
and allied industries, the instrument 
features a_ fractional-watt dc motor 


beaver 
ball screws 


Successor to the Acme screw 
drive and preferred in many 
applications togrydraulic and 
pneumatic systems. Guaran- 
teed 90% efficiency in con- 
verting rotary twist to linear 
push (or vice versa). Employs 
a stream of precision balls 
and ground lead to eliminate 
drag and wear in delicate in- 
struments to massive wind 
tunnel jacks. Any diameter 
or travel: indexing, inching, 
traversing. Literature, con- 
sulting engineering service 
available. 
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Drecision 
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NEW PRODUCTS 


that will operate for 3-4 months on 
three No. 6 dry cell batteries, and de- 
livers a continuous sample at the rate 
of r gph. Its self-priming pump will 
suction lift up to 10 ft.—Brailsford & 
Co., Rve, N. Y. 
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COOLS IR GEAR 


The ADL min-IR-cooler, pictured 
above, is a tiny, low-pressure, closed- 
cycle, refrigeration device that super- 
chills infrared detection equipment to 
minus 350 deg F. In operation, hel- 
ium expands from 300 psi in a 3-in. 
by 2 in. long cylinder. A small plastic 
piston is the only moving part of the 
unit below room temperature. Purpose 
of the device is to increase sensitivity 
of IR detection equipment.—Arthur D. 
Little, Inc., Cambridge, Mass. 
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it 
NEW T’COUPLE WIRES 


Available in 12 standard constructions, 
these new thermocouple wires have 
been designed to withstand ambient 
temperatures of over 2,000 deg F. 
Inconel sheathing protects the wires 
against moisture, oils, ozone, and 
solvents; selected crystalline magne- 
sium oxide, compacted to maximum 
density, provides the insulation.—Re- 
vere Corporation of America, Wall- 
ingford, Conn. 
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HOLTZER-CABOT 


offers these 
CUSTOM FEATURES 
ina new stock motor 








o 





jess 22 | 
— 

| 

| 

B 


MOTOR ONLY 





















































GEAR MOTOR 


MODEL RBC-2407 ~ 
2-Phase Instrument Sérvo Motor 


High torque-to-inertia ratio 

Torque to meet your needs 

Several output speeds to choose from 

Control winding impedance of 5400 ohms locked rotor 
New motor end cap design for easier mounting, 

better heat dissipation 


The RBC-2407 is available as a basic motor or with four stock 
gear ratios to meet your application requirements. All gear motors 
are electrically and mechanically interchangeable. Send coupon 
for free bulletin covering complete details, including physical 
dimensions and electrical specifications of this Model RBC-2407 
instrument motor. 


HOLTZER-CABOT MOTOR DIVISION - NATIONAL PNEUMATIC CO., INC. 


Sales-Service Representatives in Principal Cities throughout the World 


Designers and manufacturers of 


. electric and electronic 
mechanical, pneumatic, hydraulic, 


} equipment and systems 
HOLTZER-CABOT MOTOR DIVISION, Department CE 
National Pneumatic Co., Inc., 125 Amory St., Boston, Mass. 


Please send: [] Complete details of Model RBC-2407 Servo Motors 
(_] Information on other H-C Instrumentation Motors 


NAME TITLE 





COMPANY. 





ADDRESS 
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MEASURING 


PRESSURE? 


For greater accuracy 
use precision-calibrated 
SR-4° Pressure Cells 



































If you are measuring or controlling 
fluid pressure, you should know 
these facts about accurate, rugged 
SR-4@ Pressure Cells. Standard 
accuracy: +4%4% (higher accura- 
cies available for calibration). 
Calibration does not change with 
time. Contact fluid directly; re- 
quire no external piping. Con- 
tain no moving parts. Output 
signal suitable for remote indica- 
tion, recording or control. Widest 
pressure range coverage of any 
commercially-available transduc- 
ers: 0 PSIA to 100,000 PSIG. Low 
line, low differential and high fre- 
quency models available. Special 
configurations can be provided. 


Write for more information—address 
Dept. 6-G, and ask for Bulletin 4365 





FIRST in force measurement 


BALDWIN: LIMA HAMILTON 


Electronics & instrumentation Division 
Waltham, Mass. 
SR-4@ Strain Gages * Transducers « Testing Machines 
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WHAT‘S NEW. 


MOVES BY KEY PEOPLE 
(CONTINUED FROM PAGE 60) 


Genesys Corp., the fairly young Los 
Angeles manufacturer of digital proc- 
ess control computer systems. He will 
head a group of process and computer 
specialists in the Engineering Dept. 
who will work closely with Genesys’ 
customers in determining control re- 
quirements and system instrumenta- 
tion for pipelines and refineries. A 
joint project with Sun Oil Co. has 
already been assigned to the group. 


Carnegie Tech’s Teare 
Heads Engineering Teachers 


Benjamin R. Teare Jr., dean of the 
College of Engineering & Science of 
Carnegie Tech, will be installed as 
president of the American Society of 
Engineering Education at the annual 
meeting of the ASEE in Pittsburgh 
the 15th to the 19th of this month. 
Elected via national ballot in May, 
Teare is a fellow of IRE and has been 
serving as vice-president of ASEE. 


Other Important Moves 


Robert O. Briggs, the new chief 
engineer of the Electronics Div. of 
United ElectroDynamics, Inc., comes 
from Robert Briggs Associates, Inc., 
consultants in the analysis and design 
of missile guidance and control sys- 
tems and instrumentation systems. 
Under Briggs, United ElectroDynam- 
ics will shape its plans for an eventual 
diversification into automatic control 
and industrial instrumentation. Its 
present area: applied research, flight 
electronics, missile-test-range instru- 
mentation, and industrial electronics. 

Director of engineering is the new 
title of Arnoux Corp.’s Donald J. 
Gimpel. He was director of research. 

Raytheon Co. has named Osmund 
T. Fundingsland director of research, 
a new position. To take it, Fundings- 
land left Sylvania Products, Inc., 
where he had been manager of the 
Microwave Physics Laboratory at Palo 
Alto, Calif., since 1956. He joined 
Sylvania in 1953, has also been with 
the radiation laboratories of MIT and 
the University of California, and Air 
Force’s Cambridge Research Center. 

Stanley J. Rado is the new chief en- 
gineer of American Electronics’ In- 
strument Div. at Culver City, Calif. 
Formerly assistant chief engineer of 
Kearfott Co., Inc. Rado will be respon- 
sible at American Electronics for the 
design and d velopment of its servo 








STROMBERG-CARLSON 


BB Series 





For your automation 
... computing... control 
circuit applications... 

“Telephone Quality” 

at an ordinary price 


To meet your needs for preci- 
sion and durability in automa- 
tion, computing and control cir- 
cuitry, this relay provides tele- 
phone quality at an ordinary 
price. 

The “BB” Series Relay ac- 
commodates up to 100 Form A 
spring combinations. It incor- 
porates such important advan- 
tages as twin contacts, knife-edge 
pivot and special frame-armature 
construction. Like all Stromberg- 
Carlson relays, it is built to op- 
erate under extreme ranges of 
temperature and humidity. 
Prompt delivery is available on 
all orders. 


This catalogue will 
give you complete 
technical details and 
specifications. We will 
gladly send you a free 
copy on request. 
Please ask for Cata- 
logue T-5000R. 


STROMBERG- CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
112 CARLSON ROAD, ROCHESTER 3, N. Y. ‘ 
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WHAT’S NEW 


components. (The company has just 
formed an American Data Div. in 
Brooklyn, N. Y., to handle its pe- 
ripheral data processing equipment.) 

Roger Newman now heads the 
Physics Dept in the Materials Re- 
search Laboratory of the Hughes 
Products Group’s Semiconductor Div., 
a Hughes Aircraft Co. unit. He was 
formerly with General Electric Co. 
New managers in the Products Group 
are Clayton E. Murdock (engineering) 
and George F. Wunderlich (opera- 
tions), both formerly with Eitel-Mc- 
Cullough, Inc. Thomas D. Hans- 
come, formerly with the Navy Research 
Laboratory, and Walter G. Wadey, 
formerly a physicist at Yale Univer- 
sity, are recent arrivals at Hughes’ 
Nuclear Electronics Dept. 

William A. Mussen, formerly chair- 
man of the Electrical Engineering 
Dept. of Southwest Research Insti- 
tute, has been named chief develop- 
ment engineer for Singer-Bridgeport, 
a facility of Singer Mfg. Co.’s Military 
Products Div. 

RCA has appointed Frank E. Vac- 
caro manager of microwave advanced 
development in the Electron Tube 
Div. at Princeton, N. J. He has been 
with RCA since 1949, most recently 
as an engineering leader in the MAD 
group, of the Princeton division. 

Veet Industries of East Detroit, 
Mich., builder of special-purpose ma- 
chine tools, precision radial drills, and 
milling heads, has named Charles 
Peterson chief engineer. A machine 
designer, Peterson most recently was 
with Futurmill, Inc., manufacturer of 
cutters, milling machines, and spin- 
dles, has also been with Walter Engi- 
neering Co., Snyder Tool Co., Arthur 
Colton Co. and Tuscan Design Co. 

Granger Associates has advanced 
Stuart R. Hennies, a senior member 
of the engineering staff since 1957, to 
chief engineer. Before joining Gran- 
ger, he was with Varian Associates. 

Paul Winsor III, well-known for 
his contributions to the electronic- 
computer field, has been named asso- 
ciate director of engineering of Auer- 
bach Electronics Corp. He formerly 
was staff technical consultant at the 
Burroughs Research Center, where he 
worked on the Atlas guidance com- 
puter, a solid-state device. 

Eugene B. Novikoff, who joined In- 
struments for Industry, Hicksville, 
N. Y., in 1952, has been raised from 
director of engineering, a position held 
since 1957, to vice-president for engi- 
neering. He has also been IFI’s super- 
vising engineer and chief engineer. 

The new chief engineer of the In- 
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The lowest priced computer of its quality available anywhere, the new Heathkit 
EC-1 Computer now puts advanced engineering techniques within reach of all. 

Industry will find the EC-1 invaluable in trial solutions to mechanical and math- 
ematical problems . . . shortens engineering time, speeds up preliminary work, 
frees the advanced-computer time for more complex problems and final solutions. 
And the EC-1 aids in training computer operators and acquainting engineers with 
computer versatility and operation. 

Schools and colleges will find the EC-1 ideal for teaching and demonstrating in 
engineering, physics, and math classes; perfect for laboratory use in teaching 
computer design and applications. 

Individuals will find the EC-1 a fascinating helper in solving mathematical and 
mechanical problems. To consultants and those who work alone, the EC-1 soon 
becomes an indispensable path to speedy, trustworthy solutions. 

Set up scores of complex problems with the assortment of precision components 
and patch cords supplied. Read problem results directly on the 3-range computer 
meter, or use an external read-out device such as the Heathkit OR-1 DC Oscillo- 
scope, or a recording galvanometer. Meter can be switched to read output of any 
amplifier for problem results or balancing purposes. Informative manuals provided 
show how to set up and solve typical problems, illustrate operating procedures, 
and supply basic computer information, references, and construction procedure. 
Shpg. Wt. 43 Ibs. 

SPECIFICATIONS: Amplifiers: 9 0.C. Operational Amplifiers using one 6U8 per amplifier; each solves math 
problems; each balanced by individual panel control without removing problem set-up. Computing co 

on connectors and plug into pane! sockets Open loop gain approximately 1000. Output —60 to +60 vo ima. Power 
Supplies: +300 volts at 25 ma electronically regulated; variable from +250 to +350 dy contro! with meter reterence for 
setting 4-300 volts. Negative 150 volts at 40 ma regulated by VR tube. Coefficient Potentiometers: Five or Initial 
Condition Potentiometers: Three on panel; used to introduce initial velocity, acceleration, et n the t Ziven 
quantities. Repetitive Operation: Multivibrator cycles a relay at adjustable rates (.1 to 15 CP Mt be n 


any number of times; permits observation of effect on solution of changing parameter \. Meter & t 
Power Requirements: 105-125 volts, 50-60 cycles, 100 watts. Dimensions: 19%” W. x 114%" H. « 15 


ematical 
ts mount 


Order Direct by Mail or see your nearest Authorized Heathkit Dealer 





HEATH COMPANY BENTON HARBOR 36, MICH 


{' a subsidiary of Daystrom, Inc. 
Please send the latest Free Heathkit catalog 


NAME 





FREE CATALOG 


Mail the coupon now for ADORESS 





the Free Heathkit Catalog 
describing over 100 easy- CITY 
to-build Heathkit products 

including test equipment, 
ham radio gear, marine 
equipment and hi-fi 
components. 


ZONE STATE _ 





SUBJECT TO CHANGE WITHOUT NOTICE. 
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NEW TOOL 


FOR 


THE 


DESIGN 


ENGINEER 


Phd 
siac 
Computer 


C!S] i ®t 


7524 S. W. Macadam Avenue « 


tej] 45 ‘| @ 


A BREAK-THROUGH IN 
1. Control system design. 
2. Network synthesis. 
3. Transient and frequency analysis. 


An ingenious computer using powerful Lap- 
lace transform methods to simplify complex 
dynamic system problems. System perform- 
ance can be quickly and graphically demon- 
strated by plotting its characteristic equation 
on the ESIAC. The ease and speed with which 
the ESIAC determines and plots these quan- 
tities makes possible rapid analysis and syn- 
thesis of system parameters and ready com- 
parison of various proposed system changes. 


see it in action at booth I83O8-1810 
WESCON 


SEND FOR DESCRIPTIVE LITERATURE 


ELECTRO -MEASUREMENTS, INC. 


Portland 19, Oregon 
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WHAT’S NEW 


dustrial Div. of Cubic Corp., San 
Diego, is James G. Tabler, formerly 
senior staff engineer with the associate 
director of engineering. One of Tab- 
ler’s duties will be to oversee two new 
teams of engineers, one doing product 
R&D and the other consultation work 
on unique customer requirements. 
He was most recently a project engi- 


| neer at Cubic. 


Vice-president of engineering, a 
new position at Kollsman Instrument 


| Corp., has been filled by David B. 
| Nichinson, formerly director of R&D 
| and a 14-year man with Kollsman. 
| He came to the company in 1945, 
| from MIT’s F.adiation Laboratory. 


William D. Macgeorge, the new 
cuief engineer of Tatnall Measuring 
Systems Co., comes to The Budd Co. 
subsidiary from Automatic Timing & 


| Controls, Inc., where he was director 
| of research and engineering. 


CBS Laboratories has picked Nich- 


| olas Fuschillo, formerly head of the 


Magnetics & Semiconductor Branch 


| of Franklin Institute, to head the Solid 


State Physics Dept. His principal in- 
terests are thermo-electricity and nu- 


| clear magnetic resonance. Alfred E. 


Kaspaul, with CBS Labs since 1957, 
was named technical manager of the 
Solid State Physics Laboratories. 

Chief Engineer Louis Berni of Ace 
Electronics Associates, Inc., Somer- 
ville, Mass., has been named vice- 
president for engineerii g. Berni has 
been with the New England poten- 
tion: ter manufacturer since 1952, 
when it was formed. 

The new vice-president for engineer- 


| ing of Teleregister Corp. is Alexander 
| Greenfield, formerly vice-president of 


Fischer & Porter Co. and before that 


| director of R&D for Daystrom Instru- 


ment Company. 
A new Silicon Transistor Group in 


| the Semiconductor Div. of Hoffman 


Electronics Corp. is being managed 


| by Norman *. Golden, formerly in 


charge of semiconductor operations 
and product development for Sylvania- 
Thorn, Ltd., of England. 

The Garrett Corp. has made sev- 
eral import promotions in AiResearch 
personnel in Los Angeles and Phoenix, 
Ariz. They involve: James V. Craw- 
ford, now chief engineer at Los An- 
geles; Norman M. Brown, assistant 
chief; Helmut Schelp, chief engineer 
at Phoenix; Carl Paul, assistant; and 
C. F. Blanding, engineering manager 
at Phoenix. 

William F. Miller, who has been 
active head of the Applied Mathe- 
matics Div. of Argonne National Lab- 
oratory since last July, now holds that 
office officially. 





BULLETINS AND 
CATALOGS 





(300) “HOT” MATERIALS HAN. 
DLING. Mechanical Div., General Mills, 
Inc. 20-page brochure. Describes the or- 
ganization, facilities, products, and serv- 
ices of the Mechanical Division’s Nuclear 
Equipment Department. Line drawings 
and specifications cover a complete line 
of remotely controlled handling devices, 
including mechanical arms, cutting equip- 
ment, hoists, control rod drives, and au- 
tomatic controllers. 

(301) IR DETECTORS. Infrared Indus- 
tries, Inc. Technical Bulletin 2, 12 pp. 
Provides the infrared system designer with 
a complete description of the types and 
performance characteristics of Infratron 
lead sulfide detectors. Of particular in- 
terest is a series of curves that can be used 
to determine optimum signal, s/n ratio, 
noise-equivalent power, or responsivity, for 
any given set of operating conditions. 
(302) ANALOG COMPUTER SPECS. 
E..M.I. Electronics, Ltd. 28 pp. Contains 
complete technical specifications on all 
major components of the EMIAC II ana- 
log computer. Circuit drawings and actual 
photos of the patch panel illustrate patch- 
ing techniques for summing and reversing, 
integration and multiplication. A full page 
is devoted to each of six typical applica- 
tions, and covers the problem, its mathe- 
matical model, use of the computer, and 
the results obtained. 

(303) FOR SERVOSYSTEMS. American 
Measurement & Control, Inc. Catalog C-2, 
6 pp. Briefly describes a line of com- 
ponents and instruments designed for use 
in the operation or testing of servos. In- 
cluded are: servovalves, flowmeters, torque 
motors, current bridges, phase shifters, and 
amplifiers. 

(304) TRANSISTORIZED TAPE UNIT. 
Precision Instrument Co. Bulletin 55, 8 
pp. Features a 2-page listing of the me- 
chanical, electrical, and general specifica- 
tions of the PS-200 instrumentation mag- 
netic tape recorder. Other sections describe 
its transistorized electronics and standard 
accessories. 

(305) TEST INSTRUMENTS. California 
Technical Industries Div. of Textron, Inc. 
1959 Short-Form Catalog, 12 pp. Equip- 
ment for automatic circuit testing, antenna 
testing, and flight simulation is presented 
here. Complete price list follows the de- 
scriptive material. 

(306) PRESSURE SWITCHES. _Barks- 
dale Valves. Catalog PS-59-60, 36 pp. 
Each page covers a specific type of pres- 
sure switch (diaphragm, bourdon tube, 
or piston) with details on the electrical 
and operating characteristics, adjustment 
instructions, an exploded isometric draw- 
ing, and a dimenison diagram. 

(307) THERMOWELL LINE. Trinity 
Equipment Corp. New catalog lists and 
describes a variety of thermowells and 
fittings for use with thermocouples. Both 
bar-stock and built-up types are shown. 
(308) FEED WATER CONTROLS. 
Bailey Meter Co. Bulletin 530, 8 pp. 
Reviews the operating principles and ad- 
vantages of a 3-element feed-water control 








‘MOST MAJOR U.S. POWER 
PRODUCERS REDUCE COSTS 
with PANALARM ANNUNCIATORS 





MAXIMUM INFORMATION on all process variables . . . the result 
of 10 years system engineering by Panalarm and major power producers. 
That’s why Universal Series 50 is the power industry’s most informative 
annunciator. Trouble anywhere is signalled instantly—before it can 
grow big and expensive. “Off-normals” are pinpointed instantly, 
accurately for fast remedial action, reducing costly “‘outage”’ losses. 


Economical, highly flexible design facilitates system expansion. Can 
be simply adapted to your exact requirement, avoiding costly custom 
designing. Proven components—e.g., almost 1,000,000 dependable 
Panalarm developed relays have been used in Panalarm annunciators, 


Ask your nearby Panalarm sales engineer to show you why Universal 
Series 50 is the power industry’s No. 1 annunciator choice . . . how its 
adaptablility and reliability can help increase your profits... by pro- 
ducing maximum information and reducing costly “outages.” No 
obligation, of course. 


Write for Catalog 100 B today. 


DIVISION OF 


PANELLIT, INC. 


7401 NORTH HAMLIN AVENUE «+ SKOKIE, ILLINOIS 
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Great things are happening 
in AutroniC® Control 


| 
TOUGH PROBLEMS 
ARE NO PROBLEM 


FOR THIS FOOLPROOF, 
FOUL-PROOF 
PRESSURE TRANSMITTER 


Here is a primary sensing element 
for those tough jobs you'd like to for- 
get. Mounted right on the process 
pipeline or tank, the Swartwout Flush 
Diaphragm Pressure Transmitter will 
effortlessly measure pressure or liquid 
level of polymers, slurries, asphalts, 
viscous fluids, molten metals and other 
difficult media. No stagnant pressure 
lines, no steam jacketing necessary 
. . . the stainless steel transmitter dia- 
phragm fits flush with the inside of 
the vessel. 

A friction-free linkage multiplies 
diaphragm motion and actuates the 
core of a differential transformer to 
produce a 0-0.5V AC signal for any 
Swartwout AutroniC indicator, record- 
er or controller. Sensitivity is better 
than 0.005%, reproducibility 0.1%, 
accuracy 1.0%. 

The Flush Diaphragm Pressure 
Transmitter is just one unit in the 
constantly-growing AutroniC family 
of electronic instrumentation ... a 
family that includes all necessary 
components for complete electronic 
control of any process parameter. 

For details on the Flush Diaphragm 
Pressure Transmitter, request Bulletins 
A-713 and A-718. The Swartwout Co., 
18511 Euclid Ave., Cleveland 12, Ohio. 


% 


world leader in electronic 
Process instrumentation 
S.A. 19se | 
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Bulletins & Catalogs 


system, Illustrations include flow dia- 
grams, photos of typical installations, and 
circular-chart records of performance. 
(309) GAS FLOWMETER. National 
Instrument Laboratories, Inc. Bulletin 
178, 4 pp. Lists practical design features 
of a new primary element for measuring 
the mass flow of gases. One drawing shows 
how a valve assembly may be added to 
provide higher sensitivity where line pres- 
sure is maintained at a continuous high- 
pressure level. 

(310) RADIOISOTOPES IN CON- 
TROL. Highlights applications of radio- 
isotope measurements in chemical, food, 
paper, petroleum, and other industries; and 
describes a number of nuclear gaging sys- 
tems for sensing density of fluids or thick- 
ness of solids. 

(311) TINY TOGGLE SWITCH. Mi- 
cro Switch Div. of Minneapolis-Honeywell 
Regulator Co. Data Sheet 158, 2 pp. 
Photos and dimension drawings accompany 
complete descriptive information on a new 
miniaturized toggle switch that weighs 
only 44 grams. 

(312) AIRCRAFT VALVES. Koehler Air- 
craft Products Co. Bulletin C-591, 12 pp- 
Offers specifications, operating characteris- 
tics, and application data on a line of air- 
craft valves, strainers, filters, etc. A ‘“‘Se- 
lector-Index” relates valve functions and 
material to be handled, to the appropriate 
valve type. 

(313) SELENIUM RECTIFIERS. Rec- 
tico, Inc. 8-page bulletin. Devotes a full 
page to general design information, show- 
ing six common circuits and the connec- 
tions required for different types of stacks. 
Other tables cover current and voltage 
ratings, temperature derating, and over- 
loads. 

(314) FLUID POWER UNITS. Lear 
Grand Rapids Div. Product Data Sheets 
106-3 and 106-4, 2 pp ea. Contain gen- 
eral description, performance curves, and 
engineering data on two new hydraulic 
power units for 3- and 5-hp applications. 
(315) DC AMPLIFIER. Minneapolis- 
Honeywell Regulator Co. Catalog B- 
C2HLA-4, 4 pp. Includes an interesting 
presentation on the inputs and outputs 
that can be handled by a new dc amplifier 
with an isolated dieffrential input. Chart 
provides detailed performance specifica- 
tions. 

(316) MOISTURE MONITORS. Con- 
solidated Electrodynamics Corp. Bulletin 
1834C, 8 pp. Deals with the operation 
and application of two new portable in- 
struments for monitoring or controlling 
the moisture in gases or gaseous mixtures. 
Additional photos illustrate standard ac- 
cessories. 

(317) HIGH-VOLTAGE SUPPLIES. 
Del Electronics Corp. 4-page bulletin. De- 
scribes a new line of compact, high-voltage 
power supplies designed specifically for 
CR oscilloscopes, electrostatic precipita- 
tion equipment, radar displays, dielectric 
insulation testers, etc. 

(318) WORD INDICATOR LIGHTS. 
Master Specialties Co. 16-page brochure. 
Introduces the Roto-Tellite line of rotat- 





POSITIVE 
DEPENDABLE 
Aultomalie Control 


RELAYS 
TIMERS 
TIME CONTROLS 


AEMCO offers you fresh, new ideas 
that save you money in automatic 
control... ideas that save you valu- 
able time, too! Your inquiries are 
invited—write for complete infor- 
mation. 


RELAYS 


We specialize in both 
design and manufacture 
of relays to your specifi- 
cations. Should one of 
hundreds of stock 
AEMCO relays fail to 
meet your specialized 
requirements, we will be 
happy to build a unit to 
specifications. 


INDUSTRIAL 
TIME CONTROLS 


Control that vital opera- 
tion automatically! Avail- 
able in many different 
models with automatic or 
manuol re-set, AEMCO 
time controls help elimi- 
nate waste... speed up 
production. Dials cre 
easy to read ... units ore 
easy to set and install. 


For detailed information on 
AEMCO Relays or the com 


\ m | 

‘ ee AEMCO Industrial | 

~ ime Control line. zi 
~~. 





Pian 
CMDS INCORPORATED 
76 State St. * Mankato, Minn. 
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ing word indicator lights for visual display 
of operating conditions. Sketches x al 
how these panel-mounted units can be 
tebulbed from the front end, with no 
tools whatsoever. 

(319) TEMPERATURE ELEMENTS. 
Bailey Meter Co. Product Specification 
E51-6, 4 pp. Illustrates the Pyrotron line 
of temperature sensing units. Shows how 
a completely integrated assembly — from 
resistance element to connection head— 
provides faster response and more accurate 
results. 

(320) SILICONES. General Electric 
Co. Catalog CDS-129A, 8 pp. High- 
lights the benefit of using silicones in a 
variety of industrial applications. Also 
lists other catalog numbers for more spe- 
cific information on each of the materials 
described. 

(321) ROTARY COMPONENTS. Clif- 
ton Precision Products Co., Inc. Catalog 
SC-3-59-10M, 26 pp. Gives complete 
electrical and mechanical characteristics for 
a wide line of rotary servo components. 
These include: all types of synchros, sizes 
8 through 22; servomotors and motor-gen- 
erators, sizes 8 through 11; precision com- 
puting resolvers; and linear transformers. 
(322) RELAY TESTER. Mid-Eastern 
Electronics, Inc. 2-page bulletin. Quickly 
reviews the operation and use of a new 
automatic relay tester designed to deter- 
mine the pull-in and fall-out characteris- 
tics of relays on a production-line basis. 
(323) PRESSURE CUTOFF. _Datex 
Corp. Bulletin No. 103, 2 pp. Photo, 
wiring diagram, and dimension drawings 
help to describe the PE-103 Pressure Cut- 
off, a compact device that provides On- 
Off switching of up to 30 pressure points 
simultaneously. 

(324) INDICATING CONTROLLER 
Fenwal Inc. Bulletin MC-176, 4 pp. Pro- 
vides complete details on the Series 541 
temperature indicating controller. Selec- 
tion charts list available types of controller 
housings and actuator assemblies. 

(325) BUTTON CELLS. Gulton Indus 
tries, Inc. Bulletin No. VO-110. High- 
lights, the features, design potentials, and 
specifications of the VO-Series, nickel- 
cadmium, button-cell battery line, which 
includes more than 50 distinct sizes and 
voltages. Typical cell discharge curves 
show voltage changes as a function of ca- 
pacity for different discharge rates. 

(326) MOTOR SELECTION. Reliance 
Electric & Engineering Co. Bulletin 
B-2103-4, 12 pp. Offers concise selection 
data on ac motors from 1 to 200 hp. In- 
cludes brief explanation of NEMA de- 
sign classes, speed-frequency relationship, 
current and torque values, as well as frame 
selection tables and complete dimension 
information. 

(327) STABLE VOLT-AMMETER. 
Keithley Instruments, Inc. Engineering 
Notes, Vol. 7, No. 1, 4 pp. Features the 
Model 150 Micro Volt-Ammeter for meas- 
uring voltages as low as 0.03 mv and cur- 
rents down to 2 « amp. Included are a de- 
tailed description of the circuit design and 
actual reproduction of stability tests. 





NEW WESTINGHOUSE 
BISTABLE AMPLIFIER 


Ultra-Sensitive On-Off Static Amplifier 


BISTABLE AMPLIFIER combines magnetic and transistor circuitry for 
an input sensitivity of 5 x 10° watts a-c or d-c. The output power is 6 
watts at 24 volts d-c. This output is sufficient to drive auxiliary relays or 


static power amplifiers. 


For current-control problems or voltage regulation, check these 


Bistable features: 
® No tubes... no moving parts... 
no maintenance 
® Exceptional sensitivity, 
5 x 10° watts 
® Multiple control windings 


© A-C or d-c input signals 

© Fast response . . . 20 milliseconds 

® Economical . . . less expensive than 
relays 


® Military versions available 


GET ALL THE FACTS: Write Westinghouse Electric Corporation, Direc- 
tor Systems Department, 356 Collins Avenue, Pittsburgh 6, Pennsylvania. 
Complete information on the new Westinghouse Bistable will be sent to 


you by return mail. 


J-01009 


you CAN BE SURE...1F 11's \ Vesti nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS" 


CBS TV MONDAYS 
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(328) CONTINUOUS ANALYSIS. Tech- 
nicon Controls, Inc. Brochure, 8 pp. 
Shows how the AutoAnalyzer system for 
continuous chemical analysis can be used 
in the laboratory as well as on stream in 
the plant. Also gives a complete descrip- 
tion of the various system components. 
(329) STRAIN-GAGE DATA. Baldwin- 
Lima-Hamilton Corp. Specification and 
price list 4310, 24 pp. Contains complete 
electrical and physical specifications on a 
wide variety of bonded-wire strain gages 
and accessories. 

(330) LEVEL CONTROL. Robertshaw- 
Fulton Controls Co. Technical Bulletin 
RF 5910, 4 pp. Illustrated brochure deals 
with the Level-Tek level detection and 
control system. Dimensional drawings 
show types of enclosures available. 

(331) HYDRAULIC ACTUATORS 
Dalmo Victor Co. Booklet, 15 pp. En- 
titled “Design Data for Hydraulic Servo 
Actuators”, this handy reference discusses 
characteristics of direct-coupled rotary, 
commutating rotary and linear types of 
actuators. Included are seven design nomo- 
graphs that simplify selection of actuators 
for particular applications. Four pages 
describes their use. 

(332) INSTRUMENT BEARING CARE. 
Miniature Precision Bearings, Inc. Re- 
print No. 5810, 26 pp. Deals with the 
lubrication of miniature ball bearings used 
in instruments and other applications. 
Reviews the variables that affect lubrica- 
tion and tabulates the characteristics of 
various oils and greases. Considerable 
space is devoted to MIL spec lubricants. 
(333) MANOMETER DATA. _ Dyna- 
metrics Corp. Brochure, 8 pp. Explains 
the principles and terminology used in 
manometry and contains well-illustrated 
sections on the different types of manom- 
eters and their application. 

(334) FUNCTION GENERATOR. Nav- 
igation Computer Corp. Engineering re- 
port, 12 pp. Subject of this report is a microwave 
digital controlled function generator. || @oguame i 
Block diagram accompanies a general de- | 
scription, while more detailed drawings 

illustrate discussions of the time-marker 

section, the function-select-and-generator 

section, and the function-programming 

sequence, 

(335) COAXIAL CABLE. The Boston 

Insulated Wire & Cable Co. Bulletin, 

4 pp. Lists physical and electrical charac- 





MONITRON is an electronic scanner which 
monitors from 8 to 256 on-off or go-no-go 
input signals. Scanning rates range from 15 
cps to 1 kc, meeting the bandwidth require- 
ments of almost any application. 


Models available: 
1 to 19 channels, 
console, rack, and 
portable assemblies. 


the most versatile...“ 
most sensitive direct-writing 


recorder available 

Whatever your application for 

direct-writing oscillograph record- 

ing . . . investigate the ability of the 

Offner Type R Dynograph to do the 

job better and more simply. Its fea- 

tures of superiority are unmatched! 

v High Sensitivity: 1 microvolt d-c per mm 

¢ High Frequency Response: 0-150 cps— + 10% 

v Large Linear Deflection: over 6 cm—'2% 
linearity 

v Wide Ambient Range: —20° C to + 50°C 

v Versatile: d-c, a-c, carrier, all with one set of 
amplifiers 

v Convenient: Plug-in input couplers for all 
bridge balancing 

¥ Stable: Drift—1 microvolt per hour at 
maximum sensitivity 

v Recording Media readily interchangeable: Heat, 
Electric, ink; Rectilinear, Curvilinear 

v Compact: Eight channels in only 35” of 
rack space. 


@ Ail solid-state components 
for years of reliable, maintenance-free 





@ Modular, plug-in design 
for instant replacement and future system 
expansion ‘ 


-—@ Fully compatibe | 
| {Ht tg aoe, ea 


Write for full specs and complete details 


Extreme sensitivity — 
10 Microvolt RMS 
Sine Wave—left. 


10 Microvolt D-C 
Square Wave— 
above. 


OFFNER 
ELECTRONICS 


3904 River Road, Schiller Park, Ill. | 


(Suburb of Chicago) 
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teristics of a complete line of miniature 
coaxial cable for military and commercial 
applications. 

(336) CENTRALIZED CONTROL. Pro- 
tection Controls, Inc. Bulletin No. 159, 
4 pp. Illustrates various custom-engineered 
control panels for a wide range of func- 
tions in different industrial applications. 
Cites advantages of centralized control. 
(337) MILLIVOLTMETERS. Industrial 
Div. of Minneapolis-Honeywell Regulator 
Co. Catalog C10-1, 28 pp. Covers oper- 
ating principles, specifications, and order- 
ing information on a variety of millivolt- 
meters. Indicating, controlling, and safety- 
cutoff types are included. Last seven pages 
deal with primary and final control ele- 
ments and a number of accessories. 





I ABSTRACTS 


Frequencies to 1 cpm 


From “A Simple, Very Low Fre- 
quency Oscillator’ by J. F. Young 
of the General Electric Co., Ltd., 
Birmingham, England. “Electronic 
Engineering’ Vol. 31, No. 374, 
April, 1959, p. 218. 


Vacuum-tube oscillators with R-C 
selective circuits require some type of 
amplitude limitations for two reasons: 
to maintain a constant output voltage, 
and to minimize harmonic distortion. 
The techniques generally used, how- 
ever, are frequency sensitive. 

Automatic gain control, for example, 
presents difficulties when the oscilla- 
tor must cover a wide frequency range, 
while thermal nonlinear elements not 
only create an ambient temperature 
problem but also cause response to 
instantaneous rather than rms ampli- 
tudes at very low frequencies. 

One possible solution lies in the use 
of an amplitude limiter or clipper, 
combined with a selective circuit de- 
signed not only to control the output 
frequency but also to filter out har- 
monics produced by the clipping cir- 
cuit. For such a selective circuit, 
multiple-ladder networks have been 
found to give much better results than 
the commonly used Wien bridge or 
parallel-T networks. A typical mul- 
tiple-ladder network used in conjunc- 
tion with the clipped wave might have 
a third-harmonic distortion as low as 
1 percent of the fundamental. 

The accompanying schematic is of 
an oscillator design based on this ap- 
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< 
with 
GUARDIAN 


General Telephone 
Purpose Type 


RELAYS 


yours 
with complete 
details 


—— 


The appearance of new Guardian catalogs is always 
greeted with eager anticipation by the world’s most critical 
users of electromagnetic controls. For Guardian relays tradi- 
tionally express the fullest measures of progress in relay engineer- 
ing, design, and highly reliable performance. Now—the news about 
Guardian General Purpose and Telephone Type Relays commands 
the attention of those whose responsibility it is to specify or buy the 
most applicable relays. Completely detailed information por- 
trayed in these catalogs will guide your selection with 
accuracy. We invite you—request Guardian Catalogs 
“B” and “C” on your business letterhead. 


eS = 


Series 405 
Series 2100 


Series 1200 Series 220 Series 595 Series 695 -T 


alone bi, 


Aend b/p specifications on your application for specific r tions 


GUARDIAN LG] ELECTRIC 


MANUFACTURING COMPANY 
1623-H W. WALNUT STREET, CHICAGO i2. ILLINOIS 
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get 
complete 
data on 


MINIATURE AGASTAT® 
time / delay / relays 


This free folder contains complete specs on 24 models of 
the miniature AGASTAT Time Delay Relay for missile, 
aircraft, computer, electronic and industrial applications. 
They’re small as 1-13/16” x 4-7/16” x 114”, with adjust- 
able timing ranges starting at .030 and as high as 120 
seconds. 


The folder gives operating and env yironmental specs, 
coil data, contact capacities, dimensions, diagrams of con- 
tact and wiring arrangements. Write: Dept. A33-720. 
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Elizabeth, New Jersey 
CIRCLE 129 ON READER-SERVICE CARD 





here is the world’s smallest and simplest 
strip chart recorder! 


ott = os 


recorder 56g 


rE 1 MADC 


@ AMPLE STORAGE: Contains 63-ft. chart fall, or 31 days’ recording at one 
inch per hour, Useful chart width 2%.” 


@ ACCURATE: Galvanometer pointer swings free for maximum accuracy, 
being clamped briefly for marking. 

@ INKLESS: Recording process is completely dry, utilizing special pressure 
sensitive paper. Method provides remarkable definition. 
RECTILINEAR: Advanced design provides true rectilinear recording free 
from distortion. 
RELIABLE: Positive synchronous motor drive with sprotiat engaging 
holes in paper for accurate time indication. 


VERSATILE: Portable or panel mounting models. Stocked in a variety of 
scales and chart speeds. 


WRITE TODAY FOR LITERATURE 


Subjectto,. «6s Wut industrial co., ine. 
— 130 Silver Street, Manchester, N. H. 
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proach. The circuit uses an ECF80 
triode-pentode as an amplifier and 
cathode follower. An EW77 Zener 
diode clips the waveform and, at the 
same time, provides an effective bias 
for the. pentode section. Output of 
the circuit is about 12 volts peak-to- 
peak with a reasonably low output im- 
pedance. Oscillation starts without 
difficulty and there are no transient 
effects while tuning. 

Range of the circuit is from 100 
ke to 1 cycle per min. Stray capaci- 
tance imposes the upper limit while 
the physical size of the capacitors re- 
quired determines the lower one. 

An improved version of this basic 
circuit might involve the use of a four- 
gang tuning resistor, or, preferably, 
capacitor, and an extra cathode-fol- 
lower to reduce the source impedance 
seen from the selective circuit. 


New Ferrite May Simplify 
Designs 


From “A New “Square-Loop” Fer- 
trite and its Potential Fields of 
Application” by B. R. Budney, Al- 
len Bradley Co. Paper prepared for 
presentation at the 1959 Electronic 
Components Conference, Philadel- 
phia, Pa., May 6-8, 1959. 


A recently developed ferrite materia] 
possesses high maximum saturation 
flux density, low coercive force, a high 
ratio of residual to maximum flux 
density, and a short switching time. 
Its specific losses per cycle of operat- 
ing frequency are very low at a tem- 
perature of 25 deg C, and actually 
decrease with further increase in tem- 
perature, up to about 100 deg C. 

One application is in the design of 
transformers for symmetrical square- 
wave voltage pulses at a duty cycle of 
less than unity, where minimum back- 
swing under light loading is desired. 
The characteristics are also excellent 
for high-frequency magnetic-amplifier 
applications involving supersonic fre- 
quencies. Other potential applications 
are in the computer field (shift regis- 
ters and logic devices). Medium- to 
high-power switching applications, 
where rapid transition is desired, 
would also benefit. 

This new ferrite is not a coincident- 
current memory core material, for ir- 
reversible changes in magnetization 
occur at lower relative disturbing 
fields. However, it has a much higher 
operating flux density and a con- 
siderably lower coercive force com- 
pared to typical 1-microsec switching 
time coincident-current core material. 





The design of dc-to-de converters and 
dc-to-ac inverters is simplified and the 
operating frequency can be of the 
order of 50 kc. Here, the high resid- 
ual flux density results in very low 
voltage spikes during switching peri- 
ods. 


Logic With Tiny Ladders 


From “The Laddic—A Magnetic 
Device for Performing Logic” by 
U. F. Gianola and -T. H. Crowley, 
both of Bell Telephone Labora- 
tories. “Bell System Technical 
Journal” Vol. XXXVIII, No. 1, 
January 1959. 


A new magnetic memory and 
switching device reecntly developed at 
Bell Labs has been named the Laddic. 
It consists of a miniature ladder-like 
structure cut from small pieces of 
ferrite having a rectangular hysteresis 
loop. Sides of the “ladder” and all 
of its “rungs” have the same mini- 
mum cross-section, so that all possible 
paths are flux-limited. Such a struc- 
ture presents a large number of pos- 
sible flux paths. By controlling the 
actual switching path through the 
structure, any Boolean function of n 
variables can be produced. 





ea . 
Clock drive 
iA 

\- 

\* 


Bensetsesemee 


This paper discusses a number of 
operating modes and presents both de- 
sign formulas and experimental re- 
sults. The drawing above (authors’ 
Figure 5) illustrates the operation of 
the Laddic as an AND gate. After 
the reset winding (shown only in a) 
is pulsed, the flux pattern will appear 
in a number of forms (such as at b 
or c). However, the direction of mag- 
netization of the rungs will be the 
same. Now if a current pulse is ap- 





Compact! Easy to Read! 
READALL' Readout 


instruments 


Union Switch & Signal makes two types of electro-mechanical, DC-oper- 
ated readout instruments, displaying 10, 12, or 16 characters on a wheel; 
or displaying up to 64 characters on a MytLar* belt. Character assign- 
ments can be furnished as required. 

TRANSLATION Both readout instruinents operate directly on binary 
codes on a null-seeking basis. This eliminates the need for external equip- 
ment for translation from binary to decimal code, as required with other 
readout devices. 

VISUAL READ-OUT Union readout instruments are designed for quick, 
easy readability, even when mounted in rows. 

INFINITE RETENTIVITY ‘These instruments require power only during 
the response time, because they are of the null-seeking type. Once posi- 
tioned, they retain the data visually and electrically until a new code 
is received. 

ELECTRICAL READ-OUT ‘The design of the decoding and control por- 
tions of the readout instruments provides electrical read-out of data in 
the same form as the input. The data can be read continuously or peri- 
odically without erasing the stored information. 

USES Union Switch & Signal READALL readout instruments can be 
used in the output of digital computers, in teletype receiving equipment, in 


telemetering systems, or wherever data needs to be displayed. 


tTrademark *Dupont’s synthetic fiber. 
Write for complete information. 


“Proneens in Prush-Cutton Science” 
UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY == 
PITTSBURGH 18, PENNSYLVANIA 
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“MINIATURE 
VALVES 


501 
Series 


Valves shown 
\%4 Actual Size 


526 
Series 





RUGGED 


“BANTAM” 


THROTTLING CONTROL 
VALVES 


Compact throttling controls of the 501 series 
have one-piece barstock bodies with screwed | 
ends and are available with linear, equal per- | 
centage or quick-opening plug characteristics. 
This series offers six operators, direct and 
reverse acting, including two with positioners. 


The 526 series includes 6 body styles in globe, | 
angle and 3-way design— with screwed or | 
flanged ends. Four bonnet types cover stand- 
ard, high or low temperature and packless | 
applications, Six control operators are offered 
with up to 50 square-inch diaphragms. 





Pressure 


Rating 


Temperature — 
Rating + 


1000 psi 
(at 450° F) 
—70°F to +450°F | 
(750°F with | 
’ finned bonnet) 
Maximum Cv. 0.63. 10.0 (1” 
connections) 

Lift Ya" 7/16” 
Seat Area 0,038 sq. in. up to 0,601 

S| 


q. in. 














Connections ed Y%4” to 1” 
NPT. fd N.P.T. 14” 


(others available) to 1” flanged 


Send for the BANTAM Catalog No. B-1 
and other technical data on 
Dahi pneumatic and hydraulic valves. 


George W. Dahl Company, Inc. 
2 ¢ T ane’ Street 


Bristol anoke h- aon she 
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plied to rung 1 in a direction to 
switch flux down, the flux return will 
be through the closest available path, 
ie., through rung 2. But if input 
variable A is present on rung 2 and 
adding to the downward flux, rung 2 
will not be available. Rungs 3, 5, and 
7 are saturated upwards and likewise 
not available. If input variables B 
and C are also present and hold flux 
downward, rungs 4 and 6 become un- 
available. Then only rung 8 is avail- 
able for flux return to rung 1, and 
an output will result. The flux pat- 
tern with inputs A, B, and C present 
is shown in e. 

Operating currents in this device 
are not critical; thus, it can be oper- 
ated at speeds limited essentially only 
by the current drives available. Out- 
put may be taken during the input 
variable phase or during a subsequent 
reset phase. Switching speeds of a 
few tenths of a microsecond and 
repetition rates of a few hundred kc 
have been produced. 


Excerpts From NACA Report 


From the “Forty-fourth Annual 
Report of the National Advisory 


Committee for Aeronautics—1958” 
NACA Headquarters, Washington, 
D. C. (Final report.) 


The following excerpts, taken ver- 
batim from the committee’s adminis- 
trative report to Congress, cover 
some of the recent NACA activities 
in the fields of automatic control 
and instrumentation. Ed. 


Missiles . . . 


Studies of missile stabilization and 
control have considered improved 
means of simplifying and analyzing 
complex automatic control and guid- 
ance devices. Although this program 
was initiated with reference to air-to- 
air attack missiles, the results have 
application to other classes of missiles, 
including ballistic and antiballistic, 
as well as to automatically controlled 
and guided airplanes. Some of these 
studies are discussed now. 

Changes that occur in missile re- 
sponse characteristics to control de- 
flections for varying flight conditions 
have led to complicated methods of 
adjusting automatic control para- 
meters. In studying a number of 
simplifying techniques, consideration 
has been given to a control actuator 
whose torque output is proportional 
to the input of the control system. 





POST DECITRON ELECTRONIC PRODUCTS 


Photoelectronic Controls 


Model K-1 with Miniature Photohead 

This is a general purpose photoelectric control whereby 

the interruption of a light beam in the photohead 

closes a relay which can be used to activate an 
, external circuit. 


Mode! K-3 

The K-3 control differs from the K-1] in that the 
output relay will not energize for each interruption 
of the light beam, but only if interruptions cease. 
Can be used to detect “flow”’ stoppage. 





Model H-21-C 
The compact, long life, miniature photohead . . . ideal 
for mounting in limited space. May be furnished with 


alignment brackets to insure proper relation of light 
source and receiver. 


O 


ELECTRONIC PRODUCTS DIVISION 


Post Machinery Co. | 159 Elliott St., Beverly, Mass. 
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Results indicate that such actuators 
can simplify the system and result in 
acceptable target-miss distances. 

A study has been made to deter- 
mine the relative importance of fac- 
tors that place limitations on the 
minimum obtainable miss distance for 
a missile navigation system in which 
the missile follows a radar beam that 
is tracking the target. The factors 
considered were the natural motions, 
and steady-state acceleration capabili- 
ties of the missile, target evasive 
maneuvers, and radar angular scin- 
tillation noise. Simple correlation 
equations expressing minimum miss 
distance in terms of these factors were 
obtained. Possibilities for system im- 
provements were indicated. Also 
studied were the effects on the aver- 
age target-miss distance of limiting 
the allowable acceleration of a beam- 
rider missile. Contrary to intuitive 
thinking, the study showed that miss 
distance decreased as the ratio of the 
limiting to the design acceleration in- 
creased when the guidance system was 
designed for best performance at a 
given acceleration. 

The determination of optimum ra- 
dar-noise filtering characteristics to be 
used in weapon system design is gen- 
erally a long and tedious process. 
Studies of these complex equations 
have been successful in determining 
simplifications and approximations to 
enable sufficiently accurate explicit 
solutions. From these results it has 
been possible to answer in a quantita- 
tive manner important questions re- 
garding the effect of the target ma- 
neuver on the effectiveness of the 
guidance system. 

Other work on improving missile 
systems indicated the need for enlarg- 
ing the scope of filter theory to in- 
clude nonlinear conisderations. This 
is due to the trend of potential targets 
to fly at higher speeds and altitudes 
where the maneuverability advantage 
of the defensive missile is lost. Under 
these circumstances present theory is 
inadequate because the problem be- 
comes a nonlinear one. A study was 
undertaken to generalize previous the- 
ory by exploiting the intentional use 
of nonlinearities as a means of mini- 
mizing miss distances. 

Present theory dealing with noise 
contamination is restricted to systems 
whose design constants do not vary 
with time of flight. However, many 
systems have time-varying constants. 
Studies have been carried out to en- 
large the scope of the theory so as to 
be applicable to these systems. Fac- 
tors considered were target evasive 
maneuver, radar glint noise, missile 
maneuverability, and the inherent 
time-varying character of the missile 
maneuvers. The results of this and 





HIGH-SPEED RECORDER 


lf 
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| | 


Storascope 


. for recording 
non-recurring events 


ADVANTAGES 


Instantaneous recording 
Long storage period 
Short erasing time 





Automatic contrast adjustment 
Low cost CRT 


- 
o 
e 
@ Manual or self-advancing position 
2 
* 


ITT STORASCOPE 
TYPE BLS-218 


APPLICATIONS 


This instantaneous all-electronic recorder is designed for useful 
application in the investigation of technical problems in such fields 
as RESEARCH, TESTING, COMPUTING, ACOUSTICS, and 
MEDICAL ELECTRONICS, where the recording of non-recurring 
events (periodic or non-periodic) is of particular interest. 


FEATURES 


The data are recorded on a special dark trace Cathode Ray. Tube by 
purely electronic means and can remain visible for several days or can 
be erased at any time within a matter of 20 seconds. The viewing 
area can be used for a single phenomenon, suitably amplified, or can 
be subdivided through a stepped position control to record up to 10 
different waveforms. If so desired, this control may be set to “AUTO” 
and the trace will be shifted automatically by approximately one 
centimeter with each new trigger signal. When a special low erasing 
signal is applied to the screen, the recordings will be continuously 
erased so that the top line is usable again as soon as the last line 
is completed. 


X-Y PLOTTING 


Since the horizontal sweep can be replaced by an external voltage, 
the Storascope can be employed for x-y plotting. 


NO SPECIAL RECORDING CAMERA REQUIRED 

The picture contrast is sufficient for making photographic records 
with simple cameras, since the exposure time can be prolonged as 
required. Built-in glare- free illumination of the screen enhances the 
contrast of the dark-blue picture to the bright background and thus 
makes possible observations in dark rooms. 


TYPICAL SPECIFICATIONS 
Frequency range: 0 to 10 kc 

Y sensitivity: 3 V/cm 

X sensitivity: 1 V/cm 

Time base: 0.01 to 10 secs. 


Storage time: Several days 

Erasing time: Approximately 20 secs. 
Screen area: 34/2” x 5” 

Input: 100 k2, unbalanced 


Write, wire, or phone for complete technical data and price infor- 
mation on the ITT Storascope as well as other products of the 
Industrial Products Division, including Large Screen Oscillo- 
scopes, Test Instruments, Custom Power Equipment, and Closed- 
Circuit Television. 


Industrial Products Division 

INTERNATIONAL TELEPHONE & TELEGRAPH CORPORATION 

15191 BLEDSOE STREET « SAN FERNANDO, CALIFORNIA 
TELEPHONE EMPIRE 7-6161 
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TINIE DIGITAL DISPLAY 


OUTSTANDING FEATURES 


Reliable, dependable, 
no moving parts. 

© All digits displayed on 
front surface viewing 
screen...quickly seen from | 
any angle of viewing. 

© All digits uniform in size 
and intensity...easier and 
faster to read. 

e High-contrast viewing 
screen insures utmost 
visual sharpness. 

e Digit style of your choice 
to complement 
manufacturer's original 
equipment. 

© Colored digits of your 
choice for special 
environmental lighting. 

© Individual units may 
assembled in groups for 
convenient panel mounting. 

© Dimensions: 1-9/16” wide, 

%” high, 556” long. 





PRICE PER UNIT 


QUANTITY PRICES 
ON REQUEST 
WRITE TODAY FOR 
COMPLETE DETAILED 
SPECIFICATIONS 


Representatives 
in principal cities 


@"" ELFCTRONIC ENGINEERS, Inc 


3973 Lankershim Blvd.. North Hollywood, Calif 
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Sub- Zero Conanmno- CouPLe 


Solves Condensation Problems 


NEW! LARGE IN-LINE DISPLAY 
Series 80,000 





Offers same 6 outstandin 
features as Series 10, 


In-Line Dispiay, but approx. 
four } met ae." 
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“Ceramo” versatility has also solved a 
key problem of sub-zero temperature meas- 
urement—condensation. Caused by wide 
temperature differences between ambient 
temperatures and the thermocouple meas- 
uring point, condensation can penetrate 
thermocouple insulation and short out 
conductors. 


itself is stainless steel or other corrosion- 
resistant material. 


Spring-Loaded Construction of T-E’s 
sub-zero probe holds contact point firmly 
against thermowell end—counteracting 
effects of expansion and contraction from 
temperature changes. 


Applications—Liquid oxygen, nitrogen, 
ammonia and similar applications. Con- 
ductors are either Copper-Constantan or 
Chromel-Constantan for measuring tem- 
peratures as low as —320° F. 


Write For Bulletin 52-B 


Overall Metal Sheathing of “Ceramo” 
thermocouple wire completely encloses 
conductors and ceramic insulation—shut- 
ting out moisture effectively. Sheathing 


In Canada 
THERMO ELECTRIC (Canada) LTD., 
Brampton, Ont 


Thermo Electrie vs.w: 


SADDLE BROOK, NEW JERSEY 
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the preceding filter studies are appli- 
cable to many aircraft interception sys- 
tems. 

The problem of storing air-to-air 
missiles on parent airplanes has led 
to the consideration of wingless or 
very low aspect ratio missiles. These 
missiles rely on body-lift capabilities 
for maneuvering which require large 
pitch and yaw angles. ‘The effects of 
these large angles on the performance 
of a navigation system was investigated 
analytically. It was shown that a prob- 
lem requiring careful attention is space 
stabilization of the radar antenna 
against body motions. 

Guidance and control requirements 
for antiballistic missiles have been 
investigated, considering both aerody- 
namic and reaction controls. Two 
types of interception were considered; 
one in which the relative-approach 
speed is small compared with the tar- 
get speed, and the other where the 
relative-approach speeds are extremely 
large as would be associated with head- 
on interception. As part of this study, 
roll stabilization of hypersonic vehicles 
was investigated. Considered were 
the effects of large fuel expenditures 
and large dynamic pressure \ ariations. 








PUNCHED TAPE 
BLOCK READER 


A versatile input device for 
numerically controlled systems 


Tape: Standard 1 inch 5 or 8 

holes, paper or Mylar. 
Capacity: 12, 16 or 20 lines per read- 

ing (96, 128 or 160 bits). 
Speed: Up to 10 frames per second. 
Output: Triple wire brush contacts, 
rated at 50V and 50mA non- 
inductive. 


Performance: Tested for 500,000 readings 
without error 

Price: $1200. (12-line reader). 

WU ang aborala Pec: 

37 HURLEY STREET 


CAMBRIDGE 41, MASSACHUSETTS 
TELEPHONE UNiversity 4-8380 
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TRIMPOT 


subminiature 
potentiometers 
in hundreds 
of variations 
available 
from stock! 





military and commercial units 


WITH THESE TERMINALS 
, Cs : 


Insulated stranded leads 


Solder lugs 


Printed circuit pins 


WITH THESE RESISTANCE 
ELEMENTS 


Exclusive manufacturers of TRIMPOT® & 
TRIMIT ®. Pioneers in potentiometer transdu- 
cers for position, pressure and acceleration, 
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Transistor Compendium 


MoperN'- TRANSISTOR CIRCUITS, 
By John M. Carroll, Managing Edi- 
tor, Electronics. 268 pp. Published 
by McGraw-Hill Book Co., New 
York. $8.50. 


This book offers a comprehensive 
collection of modern transistor cir- 
cuits, classified and arranged for easy 
reference. Almost 200 circuits are in- 
cluded, with complete design informa- 
tion and electronic component values 
for each. Circuits are arranged both by 
generic types such as amplifiers, oscil- 
lators, power supplies, and pulse cir- 
cuits, as well as by specialized applica- 
tions such as broadcast equipment 
and home entertainment; audio and 
t-f communications circuits; missile, 
aircraft, and satellite telemetering 
equipment; test instruments; and in- 
dustrial, scientific, and medical de- 
vices. Chapter divisions have been 
selected on a functional design basis. 
For example, the book considers 
industrial electronics under three 
subheadings: Industrial Measuring In- 
struments, Industrial Control Equip- 
ment, and Industrial Detection Sys- 
tems. Similar treatment is accorded 
circuits for communications, broad- 
casting, computing, and scientific and 
medical devices. 

Emphasis is given to new circuits 
combining transistors and electron 
tubes, and transistors and magnetic 
amplifiers. There are over 200 sche- 
matic diagrams, in addition to impor- 
tant block diagrams, performance 
curves and waveforms, and photo- 
graphs illustrating construction of 
equipment. The book provides a com- 
pact and rapid summary of work done 
in more than a dozen fields of transis- 
tor circuits design, based on articles 
in Electronics magazine. 


Guide to Programming 


PROGRAMMING FOR DicitaL Com- 
PUTERS. By Joachim Jeenel, Com- 
puting Laboratory, Columbia Uni- 
versity. 517 pp. Published by 
McGraw-Hill Book Co., New York. 
$12. 


Designed for readers with no pre- 
vious programming experience, this 
work provides a methodical approach 
to the preparation of problems for 
stored-program calculators. The ap- 
proach is based on the representation 
of a program as a logical structure 
of standardized building blocks. This 
structure serves two primary purposes: 
(1) to provide a conceptual framework 


Varian 
STRIP 
CHART 


Recorders 





en 


Unique combination of 
| performance, size and price 


OVER 1000 TIMES AS SENSITIVE as galva- 
nometer recorders ... and Varian’s null- 
balance potentiometer needs no power 
from the source being measured. Rugged, 
stable mechanism allows ink or inkless 
recording—easy-to-read rectilinear chart— 
source impedances of up to 100,000 ohms. 


LESS THAN HALF AS WIDE as a standard 
19-inch rack. Two Varian G-11A’s mount 
side by side on a rack panel 10% inches 
high. Or as a portable, the G-11A is an 
easy-to-handie 15 pounds. The G-10 sits 
on less than one square foot; its horizon- 
tal chart is handy for jotting notes. 


MORE VERSATILE AND ADAPTABLE than 
any similar recorder — adjustable zero, 
adjustable span (from 9 to 100 mv on the 
G-11A), multiple chart speeds (up to four 
an the G-11A), and plug-in input chassis 
for different recording requirements. 


PRICES THAT BEGIN AT $365 for the G-10 
and $470 for the G-11A. Because un- 
needed performance costs money, Varian 
has intentionally designed for 1% limit 
of error and 1-second balancing time. 
Thus, Varian provides needed rugged- 
ness, dependability and operating fea- 
tures at moderate cost. 


FOR COMPLETE SPECS. AND STANDARD 
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Designer’s Fact File 
from DENISON 


For shockless, hydrau- 
lic control on any 
directional require- 
ment. Pilot-operated, 
solenoid controlled. 
Built-in check valve 
provides pilot pressure 
without addition of 
another valve to the 
system. Has drawn 
steel solenoid covers secured to body with internal 
retaining cords. For pressures to 5,000 psi. 


Write For Details In Bulletin 240-B. 
DENISON ENGINEERING DIVISION 


American Brake Shoe Co. 
1170 Dublin Road « Columbus 16, Ohio 
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within which the programmer can cre- 
ate a program more rapidly and efh- 
ciently, and (2) to permit programs 
for different purposes and machines to 
be presented in a uniform manner. 

The principles and procedures pre- 
sented apply to scientific and techni- 
cal problems, as well as to commercial 
data processing. They are not restricted 
to specific machines, but apply to 
stored-program calculators in general. 
The book covers recent developments 
and specific topics such as indirect 
addressing, randomized addresses, 
random-access storage, in-line proces- 
sing, concurrent operations, and non- 
machine languages. 

The standardized methods included 
in this book should prove advantage- 
ous in many respects. They should 
promote more efficient exploitation of 
data-processing equipment and re- 
duce the time and effort required of 
personnel for programming and related 
activities such as testing programs, 
adapting existing programs to new ap- 
plications, and operating the equip- 
ment. A methodical approach to pro- 


gramming should generally facilitate 
communication between man and ma- 
chine as well as communication among 
humans about topics relating to the 
use of data-processing equipment. The 
text has been made as self-contained 
as practical in order to serve as an in- 
troduction for those readers who have 
1ad no programming experience. 


Denison and Denison HydrO!Lics are istered 
trademarks of Denison Eng. Div., ABSCO 
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You get more than ‘hardware’ 
when you buy from Bowmar 


The big plus factor in all Bowmar de- 

signed components and assemblies is PRECISION 
RELIABILITY. You can’t hear it, touch it GQUNTING 
or see it. . . but it’s there, your Bowmar DEVICES é 
insurance policy against performance ; 7.50. 


Proceedings Available 


PROCEEDINGS OF THE NATIONAL 
ELECTRONICS CONFERENCE, Vol. 
14, 1958. 1080 pages. Published 
by National Electronics Conference, 
228 N. LaSalle St., Chicago 1, III. 





mediocrity or failure. Proceedings of the 1958 National 


Electronics Conference contains trans- 
cripts of the papers and discussions 
presented at the three-<lay interna- 
tional meeting held in Chicago last 


When your project calls for precision PRECISION 
counting or indicating devices . . . preci- 

sion gearheads or speed reducers... myn 
precision electromechanical assemblies, 

Bowmar is the firm most experienced and REDUCERS October. Papers describe latest de- 
best equipped to design and produce them velopments in a wide range of areas in- 
for you. Bs cluding transistors, servomechanisms, 
Bowmar has the facilities and know how PRECISION antennas, solid state components, 
to manufacture these devices in quantities SERVO audio circuits, marignton, network 
from single prototypes to thousands... PACKAGES theory, microwaves, instrumentation, 
all to your most demanding performance noise, engineering writing and speech, 
requirements. computers, magnetic amplifiers, 1n- 


dustrial electronics, and engineering 
SEND NOW FOR BOWMAR HANDBOOK 358 


management. The book also features 
Lo WMAP? 


transcripts of sessions on the Interna- 
REPRESENTATIVES IN PRINCIPAL U. S. AND CANADIAN CITIES 


tional Geophysical Year and speeches 
by General John Medaris, Deputy 
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Defense Secretary Donald B. Quarles, 
and Dr. Simon Ramo. 
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SERVONIC 


D-49' 
TRANSDUCER ~ 


Extremely Accurate Under 
Exposure to Red Fuming 
Nitric Acid... Vibration to 35 g 


Servonic’s rugged D-49 Medium Pres- 
sure Transducer performs a vital job 
monitoring flight characteristics for 
Aerojet-built Thor-Able power-plants. 
Precise measurements of tank, gas and 
line pressure are made and telemetered 
as prime readouts even when red fum- 
ing nitric acid is run right into the 
transducer. 

Selected by Aerojet for its ability to 
withstand severe environments, critical 
elements of the D-49 are completely 
isolated and sealed-in-oil within a rug- 
ged alloy case to assure long life. Every 
exposure point has been specially en- 
gineered to resist the effects of high 
temperatures and extreme vibration. 


D-49 SPECIFICS 
PS cts’ Sareins Sette ee 0-500 psia 
+0.5% 
Less than 1.0% 
. . . Sealed case, oil filled 


300° F max 


Servonic Pressure Transducers are available 
in a wide range of standard and special 
designs, for airborne, ground-support and 
other applications, Write for Information. 


— i = OVO] TO 
INSTRUMENTS, INC. 


640 Terminal Way 
lem-E he Wat 2. weer Sibs-Ta.iF | 
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Case Institute of Technology, 10-Day 
Short Course on Numerical Feed- 
back Control, conducted by Dr. 
Harry W. Mergler, Case Institute 
of Technology, Cleveland 

July 6-17 

Sixth Annual Symposium on Com- 
puters and Data Processing, spon- 
sored by Denver Research Institute 
of University of Denver, Stanley 
Hotel, Estes Park, Colo. 


July 30-3] 
AUGUST 


University of North Carolina Exten- 
sion Division, Course in Frontier 
Research on Digital Computers, 
University of North Carolina, 
Chapel Hill Aug. 17-28 

Western Electronic Show & Conven- 
tion (WESCON), sponsored by 
IRE and AIEE, Cow Palace, San 
Francisco Aug. 18-21 

University of West Virginia School of 
Mines, 19th Annual Appalachian 
Gas Measurement Short Course, 
University of West Virginia, Mor- 
gantown Aug. 24-26 

Gordon Research Conference on In- 
strumentation, Colby Junior Col- 
lege, New London, N. H. 


Aug. 24-28 
SEPTEMBER 


American Automatic Control Coun- 
cil, General Assembly of IFAC, 
Edgewater Beach Hotel, Chicago 

Sept. 14-18 

Instrument Society of America, 14th 
Annual Instrument Automation 
Conference & Exhibit, Interna- 
tional Amphitheater, Chicago 

Sept. 21-25 

Fourth Annual Special Technical Con- 
ference on Nonlinear Magnetics 
and Magnetic Amplifiers, sponsored 
by IRE and AIEE, Shoreham Ho- 
tel, Washington, D. C. 

Sept. 23- 

Institute of Radio Engineers, 1 
National Symposium on Telemeter- 
ing, Civic Auditorium, San Fran- 
cisco Sept. 28-30 

American Society of Mechanical En- 
gineers, National Power Confer- 
ence, Muehlebach Hotel, Kansas 
City Sept. 28-Oct. 1 


25 
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OCTOBER 


National Electronics Conference, 
sponsored by AIEE, IRE, Illinois 
Tech, Northwestern University, and 
University of Illinois, Sherman Ho- 
tel, Chicago Oct. 12-14 
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MODEL 22-8 TORQUE MOTOR 
WEIGHT 244 OUNCES 
patent applied for 
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HIGH TEMPERATURE 
RADIATION RESISTANT 
TORQUE MOTORS 


The new high temperature construc- 
tion is available in four sizes of torque 
motors. The all-welded construction 
assures dependable performance un- 
der adverse conditions of vibration, 
shock and environmental temperatures 
to 800° F. 


The design is simple and rugged. All 
motors must pass rigid acceptance 
tests, and a certified calibration curve 
is supplied with each motor. Atchley 
motors are offered in four sizes, with 
maximum force outputs from 1.5 to 
13 pounds. 


For more information, write for data 
file CE-814-1. 


Raymond fHtchley, Inc. 


an 


MONE RAN 


CIRCLE 142 ON READER-SERVICE CARD 
JULY 1959 191 





SPACE ORIENTED ELECTRICAL (NEW MINIATURE 
ENGINEERS AND PHYSICISTS | PRESSURE 


Vast new space and missile projects have created outstanding | 

opportunities in research, development and design at Douglas. TR ANSDUCER BY COLVIN 
Here are some of the areas in which we have immediate . : 
openings for engineers and physicists with advanced degrees « Only One inch square — one inch long 
(B.S. also considered): = Withstands high vibration 

SPACE NAVIGATION — Utilize Bode and Nyquist techniques, root 35 G to 5000 CPS 

loci, Z plane, quasi linear, non-linear and other techniques in the AVAILABLE IMMEDIATELY 

analysis and development of guidance and control systems. 
SPACE COMMUNICATIONS — Telemetry system research and 
development, research in wave propagation in ionized gas, 
high frequency breakdown and many other areas. 

SPACE POWER — Unconventional power research and development 
to supply power in space stations and on other planets. 

LOGICAL DESIGN — Solid state digital circuits as applied to 
automatic test and firing equipment, utilization of complex 
switching and logic circuitry, and utilization of computers in 
detailed circuit design. 

ANTENNA DEVELOPMENT — Complete research, advance design and 
development of antenna and radome systems for use on 

space vehicles. 

For full information write to Mr. C. C. LaVene, 

Staff Asst. Vice-president, Engineering, Box D-620, 

Douglas Aircraft Company, Inc., Santa Monica, Calif. 





COLVIN 


LABORATORIES, INC. 
. ] S The most respected name in aircraft, \ 
missile and space technology. 


DOUGLA. 


>. 
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the temperature range of —55° to +315° Centigrade* with no 


a . . . . 
Rk: * voltage derating and low capacitance variation. Of rugged 


capacitor is built for high altitude and severe environmental 


Pg 7 ere N - ° ° . . e 
: ee get ie hermetically sealed construction and nonstrategic materials, this 
fhe b 


wy operation. 
; LN ‘mage This nonpolarized capacitor is available in a variety of sizes in 
coat be ve a capacity range of from 0.05 to 4.0 microfarads at 600 VDC. 
It is also available in higher voltage ratings. Performance data 
and operating characteristics are given in Technical Bulletin 
SL-61 which is supplied upon request. 


TEMPERATURE ee fe é *Confirmed by qualification test of 1000 hours at 100% rated 
oF. ‘ voltage over ambient temperature range of —55° to +315° C. 
CAPACITORS = a ae 


ef «"* 
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DESIGN FEATURES 


Temperature Range . . . —55° to +315°C. Capacitance . . . 

0.05 to 4.0 uf at 600 VDC. Voltage Range . . . 600 V to 3000 V 

per section. No Voltage Derating, Low Capacitance and Power 

Factor Variation, Environmental Resistant, Hermetically Sealed, . ° — : 

Rugged Construction, Nonstrategic Materials, Minimum Size Rapert Sokne sad Soviaas ene: eee Pe ae ta ewe 8 York 17, N.Y. 


and Weight, High Altitude Operation. 
Scintilla Division Bea 
Sidney, New York 
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WAAR 
Additions to 
your working 
library 
from 
McGRAW-HILL 








MODERN 
TRANSISTOR CIRCUITS 


Just Out: Quick help when designing equip- 
ment and devices in which transistors play 
a part. In 101 separate articles, this book 
gives you almost 200 transistor circuit de- 
signs, with full component values and de- 
sign information—ready to be adapted to 
your needs. Arranged to give you the in- 
formation you want in seconds, this book 
covers more than a dozen fields of circuit 
design. By John M. Carroll, Managing Edi- 
tor, Electronics. 296 pp., 84 x 11, illus., 
8.5 


MAGNETIC AMPLIFIER 
ENGINEERING 


Theory, operating principles, and 
practical applications of all = of mag- 
netic amplifiers, presented in language of 


dust Out: 


the electronic circuits and systems engineer. | 


Saturable reactors, reactor-rectifier ampli- 
fiers, and reversible single-core amplifiers 
are covered. Gives basic information on 
electric and magnetic variables, and char- 
acteristics of magnetic amplifiers. By G. M. 
Attura, Industrial Control Co. 224 pp., 200 


illus., $7.50 
ANALOG 
SIMULATION 


Solve field problems more easily in every 
major branch of engineering and physics 
with the aid of this full guide to analog 
techniques and systems. Provides a unified 
treatment, based on the similarity of prob- 
lems in heat transfer, electrostatics, elec- 
tromagnetic theory, and many other 
different areas. Sections include: 
Mathematical Model, Analog-simulation 
Systems, Analog Applications. 
3. Karplus, Asst. Professor of Engg., 
U.C.L.A. 434 pp., 6 x 9, 295 illus., $10.00 


INDUSTRIAL ELECTRONICS 
HANDBOOK 


Over 100 specialists from more than a score | 
of companies and research centers bring | 


you expert aid on all phases of industrial 
electronics and control. Covers the best in 
today’s electronic 
counters to multiphase power rectifiers, in- 
cluding electronic switches, control, auto- 
mation, computers, and process control. 


Stresses applications and the user’s needs. | 
General Electric 


). D. Cockrell, 
. 1408 pp., 969 illus., $22.50 


See for 10 days free 


The | 
By Walter | 


practice—from Geiger | 





McGRAW-HILL 





ON-APPROVAL COUPON 





' McGraw-Hill Book Co., Inc., Dept. CON-7 
327 W. 4ist St., N.Y.C. 36 


| Send me book(s) checked below for 10 days’ exami- | 
nation on approval. In 10 days I will remit for | 
book(s) > 
and return unwanted book(s) postpaid. (We pay 
delivery costs if you remit with this coupon—same 

| return privilege.) | 


| © Carroll—Mod. Transistor Cire., $8.50 
| © Attura—Magnetio Amp. Engg., $7.50 
| OD Karplus—Analog Simulation, $10.00 
O Cockrell—indus, Electronics Hdbk., $22.50 


(PRINT) 


| Company 


| Position 
| For price and terms outside U. 8. 
write McGraw-Hill Int’l., N. Y¥. C. 


I keep, plus few cents for delivery costs | | 





A Roundup of Control System Test 
| Equipment, 24 pp. Specialized control 
| system test equipment divides into three 
| classes: 1) devices that only generate a test 
signal, 2) systems that both disturb the 
system and provide a means for evaluating 
| response, and 3) devices that only evaluate 
| control system response. Here’s a survey 
| of this equipment and tips on how to use 
| it. 60 cents. 
Survey of Ac Adjustable-Speed Drive 
Systems, June 1959, 16 pp. Largely re- 
garded as constant-speed devices, multi- 


WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
ConTROL ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are “‘pack- 
ages’’—several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


speed ac actuators actually take many effi- 
cient forms. The recent resurgence of in- 
terest in these ac adjustable-speed systems 
prompted this comprehensive coverage 
of pole-changing techniques, armature- 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current couplings. 
50 cents. 

A New Way to Select the Best Control 
Valve, 16 pp. This three-article reprint 
takes a look at the problem of spec- 
ifying process flow control valves. e 


Continued on page 194 





Reprint Order Form 





Reprint 


Unit price No ordered Subtotal 





Control] System Test Equipment 

Ac Adijustable-Speed Drives 

A New Way to Select Control Valves 
Ready Reference Data File—II 
Fundamentals of Tie-Motor Control 
How to Use Phase Plane Techniques 
Electronic Process Control Systems 
Report on Russian Control 
Calculating a Control Index 

Servo Design Techniques 
Flowmeters 

Applying Control Timers 

Control] System Reliability 


Ready Reference Data File—I 
Servo Modulators 

The Uses of Digital Computers 
Analysis Instrumentation—II 
Analysis Instrumentation—I 
Basic Data on Process Control 
How to Simulate Dead Time 
Power Amplifiers 

Static Switching Devices 
Automatic Logging Systems 


A System Analysis Predicts Performance 


Point-to-Point Positioning Systems—I, II & III.. 


Automatic Machining—A View and a Preview... 


$0.60 
$0.50 
$0.50 
$0.50 
$0.30 
$0.40 
$0.40 
$0.40 
$0.30 
$0.65 
$0.50 
$0.50 
$0.20 
$1.50 
$0.50 
$0.65 
$3.00 
$0.60 
$0.60 
$0.50 
$0.15 
$0.50 
$0.50 
$0.50 
$0.50 
$0.50 





330 W. 42 St., New York 36, N. Y. 


Address 


City & State 
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SYSTEMS > 


If you have 4 or more years of 


_in immediate self-improvement— 
salary, creative freedom, extra 
benefits, new plant facilities, 

a climate created for the 
professional. Progressive . 


Write Technical Personnel, 
today for an interview. 


Have the security of a large 
company with the operational 
advantages of a small dynamic 
company. Engineering positions 
now open for advanced work on 
digital control computers, cor- 
relative controllers, memories, 
magnetic recording. 


GENESYS 
CORPORATION 














Ex g tors: NATIONAL BOULEVARD 
“ Los ANGELES 34, CALIFORNIA 
A Subsidiary of 


AIRCRAFT 


* 
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REPRINTS cont’d 





author gives rules for selecting the right 
valve characteristics based on static and dy- 
namic considerations, takes into account 
the influence of piping on valve perform- 
ance, and tackles the problem of sizing 
valves for maximum flow and for control 
rangeability. 50 cents. 


Ready Reference Data Files—II, 24 pp. 
Includes the second dozen data files pub- 
lished in Control Engineering. Add it 
to Ready Reference Data Files—I to keep 
your personal file up to date. Topics cov- 
ered range from analyzing hydraulic servos 
graphically to using silicon diodes as pro- 
tective devices. 50 cents. 


Fundamentals of Tie-Motor Control, 12 
pp. Although high-powered synchro-tie 
systems have been around for a long time, 
only recently has enough experience been 
logged to put their design on a scientific, 
rather than cut-and-try, basis. This reprint 
examines the types of motors that can 
be used in the light of the application 
characteristics, and considers the special 
circuit designs that are required. 30 
cents. 


Applying Phase-Plane Techniques to 
Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to 


| construct a phase-plane plot, how to in- 


terpret a plot in terms of system per- 
formance, and how to synthesize nonlinear 
systems using phase-plane techniques. 40 
cents. 

Economics in Control, December 1958, 
24 pp. A special report covering the eco- 
nomic aspects of modernizing with control 
systems. It starts off with a guide to the 
financial factors of modernization, then 
tells the control engineer how to spot 
opportunities where the addition of in- 
strumentation and control equipment will 
earn money, and concludes with nine case 
histories showing specific benefits of mod- 
ernizing with control systems. 50 cents. 


First-Hand Report on Control Inside 
Russia, November 1958, 16 pp. A team of 
14 U.S. control engineers representing the 
American Automatic Control Council re- 
ports on the status of automatic control 
in Russia. Each expert gives impressions of 
progress in his field of interest based on 
visits to Russian user plants and research 
facilities. 40 cents. 

How to Calculate a Control Earning In- 
dex, 12 pp. Shows a four-step method for 
predicting the increment of improved plant 
economy resulting from the addition of in- 
struments and controls, and reports on ex- 
perience in applying this method to three 
typical industrial processes. 30 cents. 


Servo Design Techniques, 32 pp. A re- | 


print of six related articles describing vari- 
ous electromechanical servo design tech- 
niques. Items include tachometer limiting, 
force-reflecting servos, calculating perform- 
ance of drag-cup tachs, dual-mode servo 
compensation, applying packaged servo ac- 
tuators, and cascading resolvers without 
amplifiers. 65 cents. 


* * o 





EMPLOYMENT 
OPPORTUNITIES 


NATIONAD” / 
COVERAGE / 
rN 


The advertisements in this section include all 
employment opportunities—executive, manage- 
ment, technical, selling, office, skilled, manual, 
etc. 


— RATES — 


DISPLAYED: The advertising rate is 
$21.80 per inch for all advertising ap- 
pearing on other than a contract Dasis. 
Contract rates quoted on request. 


An advertising inch is measured %” ver- 
tically on a column—3 columns—30 
inches to a page. 


Subject to Agency Commission 


UNDISPLAYED: $1.80 per line, minimum 
3 lines. To figure advance payment 
count 5 average words as a line. 


Box numbers—counts as 1 line 

Discount of 10% if full payment is made 
in advance for 4 consecutive insertions. 

Not Subject to Agency Commission. 

Send New Ads to CONTROL ENGINEER 


ING, Class. Adv., P. O. Box 12, N. ¥. 36, 
N. ¥. for August Issue Closing July Ist. 








DESIGN and DEVELOPMENT 
ENGINEERS 


For Pneumatic Precision Controls 


A leader in the control industry located in north 
suburb of Chicago seeks graduated mechanical engi- 
neers experienced in the design and development 
of precision controls, valves or servo-mechanisms 
Basic requirements are a college degree in mechan 
ical engineering and a minimum of 3 years specific 
experience described above 
Here are some of the advantages in working 

Good salaries 

Professional status 

Excellent working conditions 

Complete fringe benefits 

Profit sharing retirement plan 

A quality product and a company wit 

outstanding reputation 

Give full information concerning education, exper 
ience, personal data and salary All information 
given will be kept confidential and no employers 
contacted without permission. 


Write to: 
R. G. STECKEL 


THE POWERS REGULATOR COMPANY 


3400 OAKTON ST. 
SKOKIE, ILLINOIS 














SALES ENGINEERS 
for 
CONTROL SYSTEM SALES TO THE 
PETROLEUM AND GAS INDUSTRY 


Applicants must have an E.E. Degree or equiv- 
alent and at least two years experience in the in 
strumentation and control field. 

Starting salary commensurate with experience. You 
will be working for a long-established organiza- 
tion, ressgnined world-wide as a leader in its 
field, with headquarters in the progressive. ex- 
citing, ‘‘Renaissance City’’ of Pittsburgh, Pa 


Send resume, or write for further details to 
Mr. George A. Frye, Employment Supervisor 
Union Switch & Signal—Division of 


Westinghouse Air Brake Company 
Pittsburgh 18, Pennsylvania 











EMPLOYMENT OPPORTUNITIES 
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Professional Personnel Requisition 





get ae 


Controls & Instrumentation Engineers 


Marquardt Aircraft — a leader in air and space propulsion and control sys- 
tems, high altitude rocket research and weapon support systems — offers 
a creative engineering environment in which you will find significant active 
projects. These include engine control systems for nuclear turbojet, inlet 
control systems for the North American F-108 and Hound Dog missile, 
control systems for the supersonic ramjet engine, feasibility studies of 
advanced and unique engine cycles, nozzie control for advanced ballistic 
missile components and other power system actuators. These control units 
include fluid and gas operated servo systems suited for environments 
above one thousand degrees. 

If you are an engineer experienced in fluid dynamics or fluid operated 
controls and interested in mechanisms designed for severe environmental 
conditions, you should consider one of the following engineering oppor- 
tunities at Marquardt: 
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CONTROLS DESIGN 


To create components for pneumatic and 
hydraulic control systems. Work ranges 
from simple piston actuators to complex 
speed computing devices. All designed for 
high sensitivity, fast response, extreme 
environmental conditions and light weight. 
Should be experienced in machine design 
and have an understanding of basic design 


ENGINEERING STANDARDS 


Implement, establish and/or originate the 
use of standards both design and hardware 
for reduction of time and cost of engineer- 
ing effort. Must have knowledge of hydrau- 
lic and pneumatic design and components. 
Should be capable of setting up an evalua- 
tion program as required. Requires ability 
to work with many engineering groups both 





analysis. 


CONTROLS ANALYSIS 


To investigate aircraft and missile control 
problems through the application of analy- 
sis methods in mechanics and dynamics, heat 
transfer, compressible flow, and servomech- 
anisms. Position offers opportunity for cre- 


in advisory and service capacity. 
CONTROL RELIABILITY 


ability field. 


To predict reliability of control of units and 
recommend appropriate design changes. 
Knowledge of servomechanisms and feed- 
back theory desirable. Should have back- 
ground in statistics and experience in reli- 


ative engineering. 


CONTROLS DEVELOPMENT 


Opportunity to create workable controls 
components. Must have a “feel” for hard- 
ware and desire to undertake broad engi- 
neering responsibility. Opportunity to solve 
“on-the-spot” engineering problems utiliz- 
ing pneumatic and hydraulic control analy- 
sis techniques. 


INSTRUMENTATION 


Specification and design of instrument com- 
ponents and systems for ground testing of 
supersonic ramjet engines, jet engine com- 
ponents, inlet controls, nuclear powerplant 
controls and emergency power units. Prefer 
instrumentation experience, including data 
acquisition and processing equipment. 
Familiar with process control systems. 


+ 
A Marquardt 


VAN NUYS AND POMONA, CALIFORNIA-OGDEN, uTaH ff AIRCRAFT CO. 
COOPER DEVELOPMENT CORP.—MONROVIA, CALIFORNIA—A MARQUARDT SUBSIDIARY 





For additional information, please write 
Mr. Floyd E. Hargiss, Manager 
Professional Personnel, Dept. D-3 
Marquardt Aircraft Co. 

16555 Saticoy Street 
Van Nuys, California 
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EMPLOYMENT OPPORTUNITIES 


MECHANISM 
DESIGN 
ENGINEERS 


Unusual opportunities for highly 
creative, experienced engineers 
to participate in the design and 
development of advanced auto- 
mation machinery. This ma- 
chinery, which will use servo- 
controlled positioning devices, 
will be used to fabricate auto- 
matically high-volume subas- 
semblies and other units used 
in data processing systems. 


The man we are looking for 
must have a thorough knowl- 
edge of servomechanisms and 
be able to recommend the best 
servo for a particular applica- 
tion. He must combine a high 
degree of creative ingenuity 
with the ability to solve practical 
engineering design problems. 


Qualifications: E.E. or M.E. 
preferred, with two to five 
years’ experience in the design 
of automatically controlled ma- 
chinery. However, the degree 
requirement can be waived for 
applicants with extensive appli- 
cable experience. 


You'll have unusual profes- 
sional freedom . . . work with 
specialists of diverse back- 
grounds .. . have access to a 
wealth of systems know-how. 
You may participate in compre- 
hensive educational programs. 
In addition, you enjoy all the 
other advantages of IBM em- 
ployment: job stability, liberal 
company benefits, excellent 
salaries. 


Immediate openings in Pough- 
keepsie, N. Y. 
Please write, outlining quali- 
fications and experience, to: 
Mr. T. E. Burns, Dept. 541G 
IBM Corporation 
South Road 
Poughkeepsie, New York 


IBM. 


INTERNATIONAL BUSINESS MACHINES CORPORATION 


CONTROL ENGINEERING 











ENGINEER, ELECTRONICS 


To design Analog Computer 
systems and components 


Position requires senior engineer 
with E.E. degree and at least five 
years experience in the design of 
analog computer systems. 


ENGINEER, ELECTRONICS 


To design Digital Data 
Handling System in Berkeley 


Position requires senior engineer 
with E.E. degree and at least five 
years experience in the design of 
digital data handling systems. 
Should also have working knowl- 
edge of milli-microsecond pulse 
and solid state circuit techniques. 


Liberal employee benefits and profit shar- 
ing plan. 


U. 8S. Citizenship NOT required 


DONNER SCIENTIFIC CO. 


Concord, California MU 2-6161 


Located in smog-free area near San Francisco. 


CREATIVE 
ENGINEERS 


e Nuclear Reactor ¢ Ceramics 
e instrument and Control 
Sanderson & Porter is engaged in 
the design and development of a 
high temperature, gas cycle Peb- 
ble Bed Reactor for the Atomic 
Energy Commission. Our New 
York office has superior positions 
open for engineers experienced in 

the following areas: 

* Reactor Engineers—core and sys- 
tem nuclear analysis; shielding 
and hazards; design; test and op- 
eration of nuclear reactors. 

* Ceramist—tresearch and devel- 
opment of ceramic fuel elements. 
* Instrument and Control Engi- 
neers—test and power reactor sys- 
tems. 

If you are interested and quali- 
fied, please write, sending com- 
plete resume, to Personnel Manager. 


SANDERSON & PoRTER 


72 Wall Street, New York 5, N. Y. 




















SERVOMECHANISM 
SYSTEM 
DESIGN ENGINEER 


(SAN FRANCISCO PENINSULA) 


Fed up? Fenced in? Thinking about 
that final jump that will take you and 
your family to mild, beautiful North- 
ern California? 


Philco Western Development Labora- 
tories at Palo Alto (heart of the San 
Francisco Peninsula’s new electronics 
center) has a truly unique opportunity 
for a DESIGN SPECIALIST TO ASSUME 
PROJECT LEADERSHIP IN A GROUP OF 
SERVOMECHANISM SYSTEM DESIGN IN 
A MAJOR MISSILE TRACKING PROGRAM. 
You should be a U. S. citizen, and 
know theory of complex variables, 
operational calculus, analytical meth- 
ods of network synthesis and have ex- 
perience in any of the following: 
HYDRAULIC SERVO DRIVES 
INSTRUMENT SERVOS 
COMPUTER SERVOS 
LARGE SERVO DRUMS 
DIGITAL SERVO SYSTEMS 


Write today in strictest confidence to 
Mr. H. C. Horsley, 
Engineering Placement, Dept. C-7. 


PHILCO CORPORATION 


GOVERNMENT & INDUSTRIAL DIVISION 
WESTERN DEVELOPMENT LABORATORIES 
3875 FABIAN WAY, PALO ALTO, CALIF. 


2 SYSTEMS ENGINEERS 


This top rated company requires 2 systems engi- 
neers with 5 years experience in the electronic 
field. This requires a knowledge of electronic cir- 
cuits and experience in yo for mass produc- 
tion. Starting salary: $12,000. Company pays 
agency fee and relocation expense. 


MONARCH PERSONNEL 
28 E. Jackson Blvd. Chicago 4, Illinois 








SYSTEMS DESIGN ENGINEERS 


Challenging opportunity for Electrical Engineers 
to work with a long-established organization rec- 
ognized world-wide as a leader in its field. Head- 
quarters in Pittsburgh, the Renaissance City. You 
will be designing systems for industrial and pipe- 
line tranportation control and data-handling equip- 
ment to meet customer requirements. Relay or 
solid-state circuitry experience helpful but not 
necessary. Send resume or contact 


Mr. George A. Frye, Employment Supervisor 
Union Switch & Signal—Division of 
WESTINGHOUSE AIR BRAKE COMPANY 
Pittsburgh 18, Pennsylvania 





ELECTRICAL ENGINEERING 


MANAGERS - NEW JERSEY 
Companies Pay Our Fee $12,000-$16,000 
Areas such as — systems a components, 
radar, missile cheok-ou 

systems, computers. Write or phone for appt. 
Mr. Arnold Brenten—MA 2-0915 
BRENTEN EMPLOYMENT AGENCY 
786 Broad St. (at Market) Newark, WN. J. 











PRODUCTION CONTROL MANAGER 


$15,000 PER YEAR 
10 years overall production control experience in 
the fleld of military electronics, radar, power 
tubes, etc. Should kraow manufacturing, planning 


and ordering. Union plant experience helpful. 

Company ctient all employ it expenses. 
ESQUIRE PERSONNEL 

202 South State Street, Chicago 4, IMinois 

















COMPUTER ENGINEERS 


$9,000—$18,000 
A leading company Offers excellent opportunities in 
design and d of iter systems. M.E. 
or E.E. will work on stress analysis, packaging 
and application and trailerization. 


tact: Lou 


Con Johns 
64 E. Jackson Bivd., Room 940, “Chicago 4, WW. 
Wabash 2-1884 














@® 


Navigation Systems 


Communication 
Systems 


Servos 
Transistors 
Transmitters 
Receivers 
Antennas 





CAREER OPPORTUNITIES 


With a company making premium grade 
electronic equipment for aircraft for over 
30 years. Located in the beautiful lake 
region of Northern New Jersey, less than 
35 miles from New York City. 


© Transistor Circuit Engineer 
© Tacan Engineers 
Receiver Engineers 


Transmitter Engineers 
(VHF & UHF Frequencies) 


Navigation Equipment 
Engineers 


¢ Antenna Design Engineer 
¢ Test Lab Engineers 


Enjoy the pleasure of working in a new laboratory 
in a@ company whose products are’ known as the 
highest quality in the industry. 














Write or call collect: Personnel Manager 


AIRCRAFT RADIO CORPORATION 








Boonton, N. J. DE 4-1800-Ext. 238 
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DAYSTROM 
| INSTRUMENT Division 


Offers qualified engineers 
CREATIVE ASSIGNMENTS 
in the following fields 


RADAR © COMMUNICATIONS 

NUCLEAR INSTRUMENTS © COMPUTERS 
TRAINERS & SIMULATORS 
COUNTERMEASURES © TELEMETERING 


Live, work and play near the 
famous POCONO Mountains resert area 


Send full resume in complete confidence to 
Robert M. Hill, Technical Employment Supervisor 


DAYSTROM INSTRUMENT 


Division of Daystrom Inc. 
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Archbald, Penna. —-} 
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EMPLOYMENT OPPORTUNITIES 


T98-GE-6 
POWERS HSS-2 
IN PUBLIC FLIGHT 


Engine Controls Termed 
Revolutionary 
Refinement 





LYNN, Mass.—Twin General Electric 
T58 gas turbines powered Sikorsky’s 
new HSS-2 all-weather amphibious 
helicopter in public flight. 


The new anti-sub helicopter exhib- 
ited varied and demanding mission 
capabilities. These included con- 
trolled hovering at low altitudes plus 
extended endurance. 


Noting the HSS-2’s better-than- 
specified horsepower and sfc. ratings, 
flight observers applauded the en- 





gines’ control system, terming it a 
“revolutionary refinement.” 


CONTROLS 
ENGINEERS 


LEAD overall control, fuel, 
cessory development programs 
from idea to hardware. 


ac- 





LEAD unit engineers in develop- 
ment of extremely compact, re- 
liable devices. 

DIRECT design audits, failure in- 
vestigations. Senior liaison to 
production, test groups. 


SPOT AND RESOLVE critical con- 
trol and fuel systems areas. 


Inquire in confidence: 


Mr. Richard A. Hollenberg 
Professional Recruiting and Placement 
Small Aircraft Engine Department 
1158 Western Ave., West Lynn, Mass. 


GENERAL @@ ELECTRIC 
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MINIPOT 


Shown Actual Size 


PRECISION TRIMMER POTENTIOMETERS by TIC are standard in twelve 


different styles and each in a wide range of resistance values. The extensive use of trimmers 


in such applications as airborne, shipborne and ground based military electronic 


equipment for navigation, flight control, fuel control, radio transmission 

and reception, telemetering, computers, fire control and many others demands 
reliability and stable operation under severe environmental conditions. 

TIC quality-control procedures and environmental testing assure the user 


of the ultimate in dependable trimmer potentiometers. 


TWELVE IMPORTANT CHOICES — six box type and 
six rotary type multiturn and single turn with wirewound 
or metallic film resistance elements, high temperature- 

PRECISION POTENTIOMETERS 

resistant construction, varied mounting methods, and 
sizes ranging from micro-miniature to the size of a 
quarter in diameter, permit the design engineer optimum 
freedom to select the unit best suited to his application. 
Special designs may be readily accommodated by TIC 
engineers. 


Subsidiaries: 
Technology Instrument Corp. of Calif. 


TECHNOLOGY INSTRUMENT CORPORATION a See Se. 


Acton Laboratories, Inc., Acton, Mass. 
Tucson Instrument Corp., Tucson, Ariz. 


523 MAIN STREET, ACTON, MASS. Seevelre, Ine, Chleage, 
CIRCLE 2 ON READER-SERVICE CARD 





| WAS A 
TEENAGE 

FLOWMET 

CLEANER 


EC 


At the kennel they said I’d come to no good. 
After all, what careers were open to a dog born with 
bottlebrushes instead of forepaws? And then a kindly 
instrument engineer stepped into my life. He saw me 
not as a pointless cur, but as a first class meter cleaner. 

How proud I was with my shiny badge, bucket 
and bright yellow helmet. Each morning I sat by as 
my crew dropped a flowmeter out of the line. Then, 
a quick dip in detergent, and into the meter I jumped, 
forebrushes swinging. They were happy days, in 
spite of the inevitable tight spots. Many’s the venturi 
I’ve squeezed through, and I carry the scars of any 
number of disgruntled orifices. 

Then, doomsday! One afternoon, while chasing 
a cat around a reactor, I overheard some talk about a 


FISCHER & PORTER COMPANY 


new magnetic flowmeter on its way from Fischer & 
Porter . . . without restrictions. No cunning crevices 
.. norotors...no plates . . . no place for dirt to 
collect. I slunk away defeated, pausing only to cry 
at the feet of my kindly instrument engineer. 
Meter cleaners of the world ... UNITE! Every 
day Fischer & Porter turns out more of these new 
meters that can measure tougher liquids, with lower 
and lower conductivities. They’re already down to 
one micromho per centimeter . . . less than distilled 
water. Your job may be next. If you don’t believe 
me, ask for your copy of Catalog 10D1416. Write 
Fischer & Porter Company, 779 County Line Road, 
Hatboro, Pa. In Canada, write Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario. 


COMPLETE PROCESS INSTRUMENTATION 


CIRCLE 3 ON READER-SERVICE CARD 





